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ABSTRACT  
   
The worldwide supply of potable fresh water is ever decreasing. While 2.5% of 
Earth's water is fresh, only 1% is accessible. Of this water, the World Health 
Organization estimates that only one-third can be used to meet our daily needs while the 
other two-thirds are unusable due to contamination. As the world population continues to 
grow and climate change reduces water security, we must consider not only solutions, but 
evaluate the perceptions and reactions of individuals in order to successfully implement 
such solutions. To that end, the goal of this dissertation is to explore human attitudes, 
beliefs, and behaviors around water issues by conducting cross-cultural comparisons of 
(1) water risks and solutions, (2) wastewater knowledge and acceptance, and (3) 
motivators for willingness to use treated wastewater. Previous research in these domains 
has primarily focused on a single site or national context. While such research is valuable 
for establishing how and why cultural context matters, comparative studies are also 
needed to help link perceptions at local and global scales. Adopting an interdisciplinary 
approach grounded in anthropological methods and theory, I use interview data collected 
in a range of international sites as part of the Arizona State University's Global 
Ethnohydrology Study. With funding from National Science Foundation grants to the 
Decision Center for a Desert City (DCDC) and the Central Arizona-Phoenix Long-Term 
Ecological Research project (CAP LTER), this dissertation explores cross-cultural 
perceptions of water threats and management strategies, specifically wastewater 
reclamation and reuse, in order to make recommendations for policy makers and water 
managers. 
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CHAPTER 1 
INTRODUCTION 
Managing the global supply of water is one of the most important sustainability 
challenges in today’s world. Despite major improvements in water infrastructure and 
management in the past century, it is widely acknowledged that existing management 
strategies are insufficient to meet our current or future needs (Vörösmarty et al., 2010, 
2000). These needs, and the problems with our water supply, go beyond just increased 
demand and/or decreased supply. Both the physical limitations of available freshwater 
resources, as well as deteriorating water quality due to factors such as urbanization, 
industrialization, and land cover change, are important considerations in understanding 
water scarcity issues. With regard to the limited availability of potable fresh water, the 
World Health Organization (2016) estimates that only 1% of the Earth’s water is both 
fresh and accessible but that only one-third can be used to meet our daily needs while the 
other two-thirds is unusable due to contamination. In addition to the threats of lack of 
water, the threat of water contamination is also a major global health concern. The United 
Nations (1997) estimates that about one-half of the population in developing countries 
suffer from diseases caused through the consumption of contaminated water or food.  
As we continue to grapple with the many challenges of sustainable water 
management, it is critical to not only develop technical solutions but also to evaluate how 
people think about and react to potential challenges and solutions (Pahl-Wostl et al. 
2008). The goal of this dissertation is to add to the literature on human attitudes, beliefs, 
and behaviors around water issues by conducting cross-cultural comparisons of (1) water 
risks and solutions, (2) wastewater knowledge and acceptance, and (3) motivators for 
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willingness to use treated wastewater. Previous research in each of these areas has 
primarily been place-based focusing on a single site or national context (e.g. 
risks/solutions: McDaniels et al. 1997; Wright et al. 2012; Rojas and Megerle 2013; 
wastewater knowledge: Jeffrey and Jefferson 2003; Tsagarkis and Georgantzis 2003; 
Hurlimann and McKay 2004; motivations: Bruvold 1979; Gibson and Burton 2011; 
Dupont 2013). While such research is valuable for establishing how and why cultural 
context matters, comparative studies are also needed to develop this understanding of 
local context as well as our understanding of how to link local and global scales 
(Lorenzoni and Hulme 2009). Adopting an interdisciplinary approach grounded in 
anthropological methods and theory, this dissertation explores perceptions of a range of 
water issues through an analysis of data collected through the Global Ethnohydrology 
Study at Arizona State University.  
 
Global Ethnohydrology Study 
The term ‘ethnohydrology’ was first used by the geologist William Back in 1981. 
Borrowing concepts from ethnoscience (Kidwell 1973), he defined ethnohydrology as 
“concerned with the science of hydrology in the broadest sense, to include both the 
observation and interpretation of phenomena and the application of knowledge so gained 
to the practical problems of water use and management by ancient people” (Back 
1981:258). Back’s work focused primarily on historical and archaeological approaches to 
identifying American Indians’ understandings of water. The concept has primarily been 
adopted by cultural anthropologists such as Paul Geddes and Jeannette Sherbondy to 
discuss historical and current cultural knowledge of water. These scholars expanded on 
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Back’s work by considering two dimensions of ethnohydrology: the spiritual and/or ritual 
beliefs around water versus technical knowledge of water and water management 
(Sherbondy 1992; Gelles 1998, 2000). 
Adopting the latter definition of ethnohydrology, The Global Ethnohydrology 
Study (GES) was started at Arizona State University in 2007, with funding from the 
National Science Foundation’s grants to the Decision Center for a Desert City (DCDC) 
and the Central Arizona-Phoenix Long-Term Ecological Research project (CAP LTER) 
The study was a follow-up effort to the Phoenix Area Social Survey II, a 40-
neighborhood study designed in conjunction with the Survey 200, the CAP LTER 
ecological monitoring inventory. The project was originally designed to provide an in-
depth look at respondents’ perceptions of water quality in four Phoenix neighborhoods.  
The success of the first round of study led to an expansion of the project into a multi-
year, multi-site program that examines a range of issues related to water. Each year, a 
different theme is selected and a data collection tool is designed in the Culture, Health, 
and Environment Lab in the School of Human Evolution and Social Change. With the 
assistance of global health and anthropology undergraduate and graduate students as well 
as other professionals, data is collected each summer at a range of national and 
international field sites.  
While each year the topic addressed by GES is different, the study design remains 
similar. The study is designed around the concept of local ecological knowledge (LEK). 
LEK is knowledge of the surrounding ecosystem held by local residents. This includes 
experiential or lay knowledge as well as learned scientific knowledge which most people 
are exposed to through popular media (Folke et al. 2003). The importance of LEK in 
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environmental planning has been recognized and is the basis of adaptive co-management 
strategies (Holling 1978; Gunderson et al. 1995; Gadgil et al. 2003). The importance of 
residents’ beliefs and perceptions around water issues has also been recognized by urban 
water managers (Niemcyznowicz 1999). In order to access the range of variation of 
cultural understandings of water issues within and between each of the GES field sites, a 
non-probabilistic sampling strategy targeting adult, permanent residents in public places 
is employed (Bernard and Ryan 2009).  
Handwerker and Wozniak (2007) have demonstrated the validity of this sampling 
strategy for ethnographic analysis by comparing random samples vs. non-probability 
samples of “life-experience” data, or what we generally consider to be demographic data 
such as age, gender, and race, and “cultural” data, or data that “reflect the social 
(interactive) processes by which we construct our knowledge of each other and the way 
these social processes work” (Handwerker and Wozniak 2007:870). They argue that 
cultural data, as they are socially constructed, violate the assumptions of case 
independence and thus make classical sampling criterion impossible to achieve. Their 
non-probability samples did not accurately estimate the known population parameters of 
the life-experience data, however, using cultural consensus analysis, they found that the 
analysis of “cultural” data collected through random sample and the non-purposive 
sample yielded identical results. These findings have been used to justify non-purposive 
sampling for cultural consensus analysis (Romney et al. 1986), cultural domain analysis 
(Borgatti 1994), and qualitative analysis (Bernard et al. 2016).  
GES data are generally collected through face-to-face, semi-structured interviews. 
Field sites are selected on the basis of the research question and ethnographic expertise 
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and to ensure variability in the ecological, cultural, and political contexts.  Using data 
derived from the 2008 protocol (Theme: Water, Institutions, and Environmental Justice) 
and the 2013 protocol (Theme: Wastewater and Water Quality Concerns), this 
dissertation examines cross-cultural perceptions of water scarcity issues, focusing 
initially on both quantitative and qualitative threats to water sources and potential 
solutions, and then narrowing in on how people view wastewater reclamation and reuse 
as a solution that addresses both water quality and quantity concerns.  
 
Research Objectives 
The objectives of this dissertation are to: 
(1) Analyze how regional water scarcity and development status of sites affect 
residents’ conceptions of water risks (quantity vs. quality) and solutions 
(technological vs. behavioral vs. policy-based).  
(2) Assess knowledge of wastewater treatment processes and how that is related to 
level of wastewater acceptance cross-culturally across four different sites.   
(3) Compare motivations for willingness to use treated wastewater cross-culturally 
across developing and developed contexts. 
Objective 1 
Chapter 3 examines of how perceptions of water risks and solutions vary across 
sites with differing degrees of water scarcity and economic development. Through 
analysis of interview data collected in Cochabamba, Bolivia; Viti Levu, Fiji; Piopio, New 
Zealand; and Phoenix, Arizona, United States, we identify possible pathways to 
improving water management. For example, we found that across all sites, respondents 
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were more likely to name concerns around water quality than around water quantity and 
that individual behavioral strategies were more likely to be named as potential solutions 
to the perceived water quality risks. This suggests that water managers might find it 
easier to develop behavioral change strategies around preventing pollution of water 
resources, rather than on conservation strategies. For water quantity concerns, 
respondents were more likely to suggest collective policy solutions, meaning that they 
thought water pollution challenges should be dealt through the implementation and 
enforcement of laws and regulations. We also found that respondents in developing 
contexts tended to suggest collective technological solutions more than respondents in 
developed contexts and that respondents in developed contexts named collective policy 
solutions more than their counterparts in developing contexts. These findings are 
consistent with expectations that we had developed based on other research showing that 
residents of developed countries are often more cautious of technological solutions, 
perhaps due to knowledge of or experience with negative outcomes (Leiserowitz et al. 
2005) and that residents of developing countries tend to express greater distrust in 
communal solutions, especially if they are government-run (Blind 2007). 
Many of the water quality risks named by respondents in the analysis in Chapter 3 
could be defined as wastewater risks. While concerns about domestic wastewater, that is, 
water that has been affected by human feces, are rare, concerns about industrial or 
agricultural contamination were quite common. Most of the named solutions were about 
preventing this contamination rather than treating it. While prevention is obviously an 
important strategy, the threats that the respondents named show that pollution is already a 
concern and thus, prevention strategies will not be enough to address this risk. 
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Recognizing that scholars need to know more about people’s perceptions of treatment 
solutions, Chapters 4 and 5 examine peoples’ opinions of one treatment solution: 
wastewater reclamation and reuse.  
Objective 2 
Chapter 4 provides an assessment of wastewater treatment knowledge via 
diagrams of wastewater treatment processes drawn by respondents in four different 
contexts: Acatenango, Guatemala; Viti Levu, Fiji; Wellington, New Zealand; and 
Madrid, Spain. These four sites were chosen on the basis of increasing levels of 
wastewater treatment, a characteristic that is also related to each region’s economic 
wealth and development status. Using visual content analysis, the study explores cross-
cultural patterns in knowledge of wastewater treatment technologies and looks at 
differences in knowledge in relation to the level of wastewater treatment present at each 
site. Through our analysis of respondents’ diagrams depicting the treatment process for 
potable wastewater reuse, we found low levels of technical knowledge across all sites, 
with filtration being the most commonly depicted treatment process. Advanced 
technologies such as reverse osmosis and ultraviolet disinfection were rarely depicted 
and, when they were, were only drawn in sites with advanced technology (i.e. New 
Zealand and Spain). Testing of the water resources before reuse was the second most 
frequently drawn process in Spain and the third most frequently drawn process in New 
Zealand but was only depicted once in Fiji and never in Guatemala. This may be 
attributable to differences in public health concerns between the developing and 
developed sites as well as differences in knowledge of treatment options. 
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Using Spearman rank order correlations, we then tested for a relationship between 
knowledge of wastewater treatment (quantified as the number of treatment technologies 
depicted) and acceptability of reuse (measured by (1) amount (%) of treated wastewater 
perceived acceptable  in tap water and (2) level of disgust with reusing treated wastewater 
as drinking water). We found no correlation between the variables. Given that the 
majority of studies on knowledge of wastewater have found a positive relationship 
between knowledge and acceptance, the lack of a relationship in our study may be related 
to how we measured knowledge. Most studies have relied on self-reported knowledge 
and do not distinguish between knowledge of the process and knowledge of the benefits. 
We suggest that future studies need to explore the relationship between self-reported 
knowledge and actual knowledge, taking care to differentiate between knowledge of the 
process and knowledge of the benefits.  
Objective 3 
Chapter 5 examines how potential benefits of wastewater reuse, framed as four 
motivators (cost, ecological conservation, current water shortages, and future water 
shortages) affect respondents’ willingness to use treated wastewater across four sites. The 
four sites (Acatenango, Guatemala; Viti Levu, Fiji; Wellington, New Zealand; Madrid, 
Spain) were selected to represent a gradient of increasing levels of wastewater treatment, 
a technological solution that is closely tied to the socio-economic status and political 
development of the region. We found that reducing cost, which is the only motivator that 
has previously received significant research, is generally not a strong motivator across 
any of our sites. Instead, our results indicated that ecological conservation (that is, 
helping to “save rivers, lakes, and wildlife”) and preventing water shortages for future 
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generations were the strongest motivators across all sites. We also found that across all 
motivators, respondents in the sites with low levels of wastewater treatment were more 
willing to accept treated wastewater.  We suggest that this is related to our finding in 
Chapter 3 that residents of developing sites were more likely to name technological 
solutions. We also acknowledge that marketing strategies should emphasize multiple 
motives when trying to alter public perceptions of wastewater reuse. 
 
Dissertation Organization 
This dissertation consists of six chapters. Chapter 1 is an introductory chapter that 
explains the scope of the dissertation. Chapter 2 is a literature review on the anthropology 
of water and wastewater.  Chapter 3 has been published in a peer-reviewed journal; 
Chapters 4 and 5 are in preparation for submission to peer-reviewed journals. Chapter 6 
provides a discussion of the research results from Chapter 3, 4, and 5. 
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Table 1-1. Dissertation Organization 
Objective 1 
Analyze how regional water scarcity and development status of sites affects residents’ 
conceptions of water risks (quantity vs. quality) and solutions (technological vs. 
behavioral vs. policy-based).  
 Dissertation Chapter 3 
 Published: Larson, K.L., Stotts, R., Wutich, A., Brewis, A., & White, D. 2016. 
Cross-Cultural Perceptions of Water Risks and Solutions Across Select Sites. 
Society & Natural Resources DOI:10.1080/08941920.2012.723302. 
 The data analyzed in this paper were collected using the 2008 GES protocol 
which was written by Drs. Amber Wutich and Alexandra Brewis. For this 
analysis of the data, I performed several functions. K. Larson provided the 
initial coding scheme of water quality, water quantity, individual behavioral 
solutions, collective technological solutions, and collective policy decisions. 
Serving as the expert on the dataset, I examined the relevant literature and data 
and developed the initial codes. The codes were continually revised through an 
iterative process using inter-rater reliability of 10% sub-samples with A. 
Wutich and I serving as the coders (MacQueen et al. 1998). After reaching a 
Cohen’s kappa of ≥ 0.8 (Landis and Koch 1977) on each code, I served as the 
expert coder and coded all statements. I then ran the statistical tests to assess 
the differences across contexts by development status and water scarcity. K. 
Larson and I worked together to identify the interesting results and explanatory 
factors. I also categorized the site-specific themes, sub-themes, and peripheral 
themes and identified thematic trends across sites. I served as the first author 
on the initial presentation of our results at the CAP LTER 16
th
 Annual All 
Scientists meeting in January 2014 where the poster was recognized with the 
CAP LTER Student Poster Award. Using this poster as a template, K. Larson 
authored the initial draft of the article. A. Wutich and I provided original text, 
particularly in the areas of methods, site selection, and the findings as well as 
edits and revisions throughout the writing process. D. White and A. Brewis 
also contributed in the editing process.  
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Objective 2 
Assess knowledge of wastewater treatment processes and how that is related to level of 
wastewater acceptance across four different sites.   
 Dissertation Chapter 4 
 In preparation for peer-reviewed submission to Human Organization: Stotts, R., 
Rice, J., Wutich, A., White, D., Maupin, J., & Brewis, A. Water, Technology, and 
Pollution: Cross-Cultural Knowledge and Acceptance of Wastewater Reclamation 
and Reuse Processes across Select Sites.  
 This paper draws upon the 2013 GES data. The primary authors of the protocol 
were Drs. Amber Wutich and Alexandra Brewis with assistance from Drs. Jacelyn 
Rice, Paul Westerhoff, and Kelli Larson. For this analysis, we analyzed depictions 
of wastewater treatment using visual content analysis (Krippendorff 2012). I 
worked with J. Rice on the development of the initial codebook based on both 
inductive and deductive codes.  In total, 34 codes were created which included 
both structural and thematic codes. Final codebook definitions were created 
through multiple 10% sub-sample coding with Margaret du Bray and I serving as 
coders (MacQueen et al. 1998). Inter-rater reliability of high frequency codes was 
determined using Cohen’s kappa (≥0.64) while inter-rater reliability of low 
frequency codes was determined using percent agreement (88.1%) (Landis and 
Koch 1988). Each drawing was coded twice by trained student coders and I 
resolved all coding disagreements.  I conducted all statistical analysis in SPSS and 
served as the primary author of the paper. Co-authors and committee members 
have contributed to the editing process. 
Objective 3 
Compare motivations for willingness to use treated wastewater across developing and 
developed contexts. 
 Dissertation Chapter 5 
 In preparation for peer-reviewed submission to the Journal of Water, Sanitation 
and Hygiene for Development: Stotts, R., Rice, J., Wutich, A., White, D., Maupin, 
J., & Brewis, A. Motivators for Treated Wastewater Acceptance across 
Developed and Developing Sites 
 This paper also uses data collected using the 2013 GES protocol.  Undergraduate 
students completed the data entry and quality checks and I oversaw this process as 
manager of the Culture, Health, and Environment Lab. I conducted the statistical 
analyses in SPSS, the relevant literature review, and served as the primary author 
of the paper. Co-authors and committee members have contributed to the editing 
process.  
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CHAPTER 2 
 
LITERATURE REVIEW 
 
Water in Anthropology 
While water, in its various forms – rivers, lakes, oceans, ice, rain - has a long 
history within anthropology, its role in the field has greatly increased in recent years. In 
their 2010 Annual Review of Anthropology piece entitled “Water Sustainability: 
Anthropological Approaches and Prospect,” Ben Orlove and Steven C. Caton (2010:401) 
state that water has become an “urgent theme” in anthropology. They relate this to the 
growing demand for clean water across the world. While water is currently a major area 
of research within anthropology, this has not always been the case. In order to understand 
the role of water in anthropology today, it is necessary to track the historical trajectory of 
anthropological inquiry into water.  
Part of this history was tracked in a 2013 virtual issue of American Anthropologist 
that highlighted work on water that has appeared in the journal since its conception in 
1888. In their “Introduction” to the issue, Rasmussen and Orlove (2013) link the now 
prominent position of water in research agendas to “shifting consumption patterns, local 
politics, environmental degradation, and climate change.”  They also highlight three 
shifts in the role of water in anthropology. The first is a shift from water as the 
“contextual backdrop of culture” to water as the “object of knowledge.” The second is a 
shift from a passive view of water as freely moving throughout the world to a view of 
water as “contested and an object of social struggles.” This shift includes work on water 
as an object of power as well as water as a source of power. The third shift followed 
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similar trends in anthropology from views of the researcher as unquestionably objective 
to a period of greater reflexivity and ultimately, to more engagement. 
Water was actually what led Franz Boas, oftentimes referred to as the father of 
American anthropology, to the field. In 1881, he completed his PhD in physics with a 
dissertation entitled “Contributions to the Understanding of the Color of Water” which 
explored the role of light (i.e. the absorption, reflection, and polarization of light) in 
altering the appearance of the color of seawater (Kroeber 1943). In 1883, Boas set out for 
the Arctic to further explore seawater and it was during his stay that he became interested 
in local knowledge and traditions (Bohannon and Glazer 1973). Boas did not continue to 
engage with water in his research but he trained several prominent anthropologists who 
did, namely Julian Steward and Leslie White. 
 Ben Orlove (1980) identifies the work of Steward and White as the first research 
stage in his three stages of the development of ecological anthropology. While water 
played little role in Leslie White’s work in anthropology except tangentially in his theory 
of the role of energy as a determinant of cultural evolution (1943, 1959), water did play a 
prominent role in Julian Steward’s work. Sidney Mintz (1979) tracks the role of water in 
Steward’s work, beginning with “Irrigation Without Agriculture,” in which Steward 
(1930) suggests that the practice of irrigation may have been invented independently in 
the Owens Valley. He builds on this work in his 1938 piece “Basin-Plateau Aboriginal 
Sociopolitical Groups” where he reviews water as one of the physical constraints on the 
peoples of the region. In “Cultural Causality and Law”, Steward (1949) fully lays out his 
thoughts on the association of water and irrigation as part of his general theory of social 
evolution. 
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 Both Steward’s multilineal evolutionary scheme and White’s unilineal theory 
affected research in Orlove’s (1980) second stage of ecological anthropology. This stage 
is characterized by neofunctional and neoevolutionary approaches that drew on White’s 
and Steward’s work in different ways. Neoevolutionary approaches drew on Darwinian 
evolutionary theory to argue the inevitable progressiveness of evolution whereas 
neofunctionary approaches focused on culture as a series of functional adaptations to the 
local environment.  
Neoevolutionary approaches took strong hold in archaeology where much 
research was conducted on the role of irrigation and the development of the state. This 
work reflects the shift identified by Rasmussen and Orlove (2013) from water as part of 
the cultural backdrop to water both as an object and as a source of power. Karl 
Wittfogel’s (1957) theory of hydraulic despotism is the primary example of this 
neoevolutionary approach. His argument was based on his assertion that some states, 
mostly in desert regions, evolved because of the need for flood control and irrigation, 
which required a centralized bureaucracy. He also argued that states maintained power 
through the complete control of this limited resource.  
Neofunctional approaches also focused on the evolution of cultural traits as a 
result of the competition over scarce resources. Such approaches also explored human 
responses to environmental stress. In this research, concepts such as adaptation, niche, 
and carrying capacity were borrowed from biological ecology (Orlove 1980:241). Water 
was then considered as part of the characteristics of a niche (e.g. Love 1977), or as part of 
the limitations of cultivation practices when calculating carrying capacity (e.g. Brush 
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1975), or as a cause of adaptation (e.g. changing climatic conditions as highlighted by 
Reyna 1975). 
 Both neoevolutionary and neofunctional approaches came under fire based on 
similar critiques, namely that humans do not remain at or below carrying capacity nor is 
energy the only factor in population growth. These approaches were also criticized for 
“ecological reductionism” or reducing culture to sets of unrelated practices with 
ecological explanations but without “possessing internal coherence” (Orlove 1980: 244). 
With these critiques, Orlove (1980) argued that a new stage of ecological anthropology 
was emerging, “processual ecological anthropology,” so-called because of the emphasis 
on mechanisms of change.
1
   
Work within processual ecological anthropology was strongly influenced by Ester 
Boserup’s (1965) argument against the notion of carrying capacity that food production 
will increase to match the demands of a growing population. In the 2005 reprint of 
Boserup’s book, Virginia Abernethy provides a foreword in which she critiques the lack 
of consideration in Boserup’s argument that human attempts to maximize agricultural 
yield will result in permanent damages such as erosion and desertification. She also notes 
that Boserup fails to examine water “as an ultimate limiting resource” (pg. 56). Within 
anthropological approaches incorporating Boserup’s argument, there is a corresponding 
lack of the consideration of water and only a few researchers (e.g. Bacdayan 1974) look 
at how water sources were used to expand agriculture.  
                                                 
1
 In addition to the emergence of processual ecological anthropology in the 1970s, Applebaum (1987) also 
identified another area of research within ecological anthropology: hazards. Within this area of research, he 
included work on “geographical hazards like earthquakes, hurricanes, tornadoes, droughts, frosts, and 
floods. And there are human-made hazards like pollution, oil spills, chemical dumps, starvation, and waste 
dumps” (1987: 206).  
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In addition to Boserup, structural Marxism also influenced work within this new 
realm of ecological anthropology. Critiques regarding the lack of attention to power 
relationships in previous anthropological approaches (e.g. Peet and Watts 2002; Robbins 
2004) led to the incorporation of the political economy into ecological anthropology 
investigations. This early work placed anthropology alongside other disciplines, most 
notably geography, in the development of the field of political ecology (Netting 1996; 
Derman and Ferguson 2003). This field now encompasses a wide variety of issues from 
politics and power and marginalization (e.g. Bryant 1998; Paulson et al. 2003) to 
biodiversity and conservation (e.g. Escobar 1998) to the role of indigenous/traditional 
knowledge (e.g. Banuri and Marglin 1993). 
With the emergence of work in political ecology, water began to take more of a 
central role in anthropology. As Whiteford and Padros (2011) note, the “mechanisms of 
water politics became the lens through which anthropologists studied social relations and 
power differentials” (199). This work not only focused on water scarcity as an issue of 
physical access but also on the cultural constructions of the value of water (e.g. Donahue 
and Johnston 1998; Derman and Ferguson 2003), patterns and levels of access and use 
(e.g. Johnston et al. 2012), and control over the distribution of water, especially with 
regards to water privatization (e.g. Bywater 2012; Cole 2012). This scholarship has led to 
a push among anthropologists to develop water insecurity scales that do not just measure 
physical access to water but measure variability in the quality and quantity of water as 
well as the psychosocial distress associated with dealing with inequitable water systems 
(e.g. Wutich 2009, Stevenson et al. 2012). 
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 One of the most successful results of anthropologists’ engagement in political 
ecology is that anthropologists have started to work with ecologists and other natural and 
social scientists in interdisciplinary collaborations. Anthropology is uniquely suited to not 
only explore the political, economic, gendered, and class constraints of ecological issues 
but also the historical circumstances and cultural values that have led to the present. As 
such, anthropologists have been successful members of several large-scale teams 
including several of the NSF-funded Long Term Ecological Research (LTER) Network 
sites, especially the Central Area Phoenix Long Term Ecological Research at Arizona 
State University and the Reclaim initiative at the University of South Florida. In addition 
to broad ecological work, these projects have also focused sponsored research 
specifically on water such as Wutich and Brewis’s Global Ethnohydrology Study (e.g. 
Crona et al. 2013; Wutich et al. 2012; Wutich et al. 2013) and Reclaim’s Context 
Sensitive Implementation of Synergistic Water-Energy Systems  (e.g. Wells et al. 2013; 
Whiteford 2012) 
 While these interdisciplinary partnerships have proved fruitful, many other 
anthropologists have pursued ecological and environmental issues in other ways. 
Environmental anthropology is a large field, sometimes synonymous with ecological 
anthropology though there are some scholars who consider ecological anthropology to be 
“one particular type of research in environmental anthropology – field studies that 
describe a single ecosystem including a human population” (Townsend 2009:12). Recent 
work in environmental anthropology and the anthropology of water has been diverse, 
covering issues from biodiversity conservation (Kottak and Costa 1993; Orlove and 
Brush 1996), to environmental (in)justice/racism (e.g. Carter 2007; Checker 2005), to 
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risk perception (Costa et al. 1995; Douglas and Wildavsky 1982), to water rights (i.e. the 
right to water vs. the right over water and water as a commodity) (Boelens and Doornbos 
2001; Roth et al. 2005; Wutich 2006).  
The growing interest in environmental anthropology and water is the result of 
dramatic changes to our environment due to the interacting forces of globalization and 
urbanization. While these factors can not always be separated, some scholarship has 
chosen to focus on one over the other. Work within the realm of globalization has 
focused on water privatization and the commodification of water resources (e.g. Aiyer 
2007; Kaplan 2007) as well as the threat of globalization in increasing health disparities 
and decreasing access to natural resources (e.g. Whiteford and Whiteford 2005). These 
same issues appear in work on water and urbanization, as seen in Swyngedouw (2004) 
who names the “power/money/water nexus” as his conceptual framework and also 
identifies the health risk of the urban water conundrum, or the fact that “every form of 
urban life depends on water but is simultaneously threatened by it” (49). Other work in 
the anthropology of urbanization and water has focused on the infrastructure of water 
delivery, which is not just the physical delivery system but also on what it means to be a 
citizen of an urban system (e.g. Anand 2011; Von Schnitzler 2008).  
Globalization and urbanization have led to other issues as well, such as the 
increasing contamination of our water sources. Barbara Rose Johnston explicitly links 
development and urban growth to contamination and threats to our freshwater supply in 
her 2003 article “The Political Ecology of Water” and reviews several cases such as 
Silicon Valley groundwater contamination by the Fairchild Semiconductor facility in San 
Jose, CA. Contamination of water can have multiple causes including salinization (e.g. 
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Whiteford and Cortez-Lara 2005 ) and petrochemicals (e.g. Auyero and Swistun 2009) 
and is often overshadowed in places where there is an abundance of freshwater resources 
(Kane 2012). The lack of sewage services and thus contamination by human waste is 
another area of research. Jason Lind (2009) combines ethnographic work with water 
testing to look at the relationship between sanitation services, microbial loads, and 
ethnicity in a rural community in Costa Rica. Kendall (2005) explores the public health 
risk of contamination by fecal matter, in this case, in Lima, Peru. In his paper, Kendall 
examines how residents classify and dispose (or make use of) different types of feces. He 
also discusses the absence of communal organization or response to the lack of and/or 
upkeep of utility services. Merrill Singer and Jacqueline Evans (2013) also explore issues 
of water contamination, focusing on low income, rural African Americans in Louisiana. 
In addition to exploring issues related to “inadequate sewer treatment” (175-176) and 
“fertilizer run-off” (176), Singer and Evans also explore the impact of climate change on 
increasing water quality issues.  
Climate change is another side effect of globalization and urbanization and one 
that many anthropologists have been exploring. While researchers in the hard sciences 
are answering questions about how climate change will affect future weather conditions, 
anthropologists are the ones “making strides at relating global warming models to 
everyday lives” (Brown 1999). Carla Roncoli and colleagues (2008) also cite the 
“irrevocable transformation” caused by climate change to the people and places 
traditionally studied by anthropologists as well the opportunities for anthropologists to 
engage in interdisciplinary research as additional reasons for a growing interest in climate 
change within anthropology. Crate (2011) reviews the impact of climate change on 
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anthropological research and identifies four areas of place-based community research: 
ethnoclimatology, resiliency, disasters and displacement, and resource management, 
specifically water management. While Crate (2011) does review anthropological work 
related to too little water (Columbi 2009; Gartin et al. 2010; White et al. 2010; Wutich 
2009;), she also reviews work in which climate change’s melting of ice and permafrost 
has resulted in too much water (e.g. Green 2009; Finan 2009; Lazrus 2009). 
Water shortages do dominate the literature though, and Wutich and Brewis (2014) 
provide a synthesis of several approaches to water scarcity. Examining hypotheses 
derived from research on food shortages, they test these propositions on water insecurity 
issues in order to derive a broader understanding of resource security. They examine five 
drivers: ecology, population, governance, markets, and entitlements. The theme of 
governance covers the wide literature on lack of adequate infrastructure as a cause of 
water scarcity and covers research such as Gandy’s (2008) on the lack of access to the 
city water system in Mumbai slums and Bakker’s (2010) work on water privatization.  
 
Sanitation, Disgust, and Wastewater in Anthropology 
One of the most notable ethnographies of how political and economic power 
shape infrastructural-related water scarcity is Ennis-McMillan’s (2006) analysis of a 
small community in the Valley of Mexico. At the beginning of the book, the reader is 
introduced to the water scarcity issues of the town by Ennis-McMillan who quotes a sign 
on the main road that read “NOTICE. Don’t be fooled with the sale of properties that 
don’t have drinking water or sewage service.” Despite the sign’s warning that the 
management of water delivery and sanitation are both a concern, Ennis-McMillan focuses 
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only on the delivery of potable water. While there is a larger literature on the lack of 
sanitation services (e.g. Wendel et al. 2012; Eichelberger 2014) and contamination by 
human waste (e.g. Kendall 2005; Lind 2009), a focus on analyzing sewage is missing in 
anthropological discourse as well as elsewhere. As can be seen in such endeavors as the 
UN’s declaration of the 1981-1990 the “International Decade for Drinking Water Supply 
and Sanitation,” development projects falling within the realm of WatSan (water and 
sanitation), have primarily focused on the former portion. As May Yacoob and Linda 
Whiteford (1994:331) note, “sanitation efforts have failed to keep pace with water 
provision.” Some organizations, such as the World Toilet Organization, have argued that 
the bundling together of water and sanitation under the title WatSan has resulted in 
sanitation being overshadowed by the water agenda. Cairncross and colleagues (2010) 
make a similar argument stating that “hygiene promotion and sanitation promotion both 
suffer from the budgetary dominance of water supply” (11). However, if we are to 
consider water as a “total social fact” in the Maussian sense (Orlove and Caton 2010: 
402), then wastewater and sanitation must also be a “total social fact” and be a part of all 
conversations regarding water scarcity and water access.  
 The scarcity of scholarship on wastewater within anthropology may be tied to the 
domination of water provisioning in the literature. Some anthropologists, however, have 
suggested other reasons for this paucity. Strang (2004) attributes the lack of research to 
perceptual disconnections, i.e. that “just as people became accustomed to water magically 
appearing from the tap, they grew to depend on sanitary systems that made waste vanish” 
(199). Alley (2002) speculates that “perhaps it is the culturally neutral, unexotic 
appearance of waste flows that keep them at bay or have they been hidden from cultural 
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critique because of their grotesque forms and their smelly, dangerous, and downright 
degenerative qualities” (24). While people’s disgust with wastewater may be a factor in 
the limited scholarship on this topic, it seems unusual, given the long history of 
anthropological interest in cultural restrictions that waste
2
 and wastewater have not 
played a more prominent role. 
Cultural restrictions, or taboos, were a major focus of anthropological discourse at 
an early stage (e.g. Malinowski 1929; Radcliffe-Brown 1939). In this context, taboos 
referred to ritual prohibitions. While ‘taboos’ fell out as a subject for analysis in 
anthropology, the interest in prohibitions did not entirely wane. Notably, in 1966, Mary 
Douglas published her book “Purity and Danger,” which remains one of the most highly 
cited anthropological perspectives on disgust. Douglas’s argument is that there is no 
universal conception of ‘dirt’ and that what is ‘dirty’ cannot be explained purely in 
medical terms. Rather, she says that ‘dirt’ can be considered “matter out of place” which 
requires an understanding of the sociocultural context of the individual or group. She also 
maintains that efforts to shun ‘dirt’ and ‘dirtiness’ are attempts to preserve or reestablish 
social order. Douglas’s work has been influential on disgust research in multiple fields 
(e.g. Cohen and Johnson 2005; Lawler 2005; Miller 1997). Recently, Van der Geest 
(2007) expanded on Douglas’s thesis by arguing that it is not only an issue of  “matter out 
of place” but also an issue of “‘what,’ ‘where,’ ‘whose,’ and ‘how is it present’” (384). 
While in Douglas’s seminal book, she provides examples of things that are acceptable 
under one set of conditions but unacceptable under another, Van der Geest (2007) is 
                                                 
2
 In addition to wastewater, anthropologists are also now exploring waste as research area (e.g. Drackner 
2005; Fitchen 1987; Furniss 2012; Nagle 2013) as well as the politics of feces (e.g. Appadurai 2002; 
Aretxaga 1995; Robins 2014). 
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interested in if there are things that are “ever not out of place” (382), i.e. are always 
unacceptable or dirty. Focusing on feces, Van der Geest (2007) primarily explores the 
degrees of dirtiness associated with different social relationships. 
While Van der Geest (2002, 2007) continues Douglas’s focus on the cultural 
origins of disgust, other anthropologists, namely Val Curtis, have argued for an 
evolutionary perspective on disgust (Curtis 2013; Curtis and Biran 2001, Curtis et al. 
2004). Curtis and colleagues have argued that disgust evolved as a mechanism to protect 
against exposure to disease and that this behavior predates culture. While Curtis argues 
for an evolutionary perspective on the origins of disgust, she is not arguing against the 
role of culture, rather she suggests that “it may be just as useful to study how a biological 
capacity for disgust has influenced culture as [it is] to explore how cultures have 
influenced what people find disgusting” (2007:663). Curtis and colleagues (2009) also 
identify universal cues that trigger a disgust response. One of these cues is bodily waste. 
 The universal disgust towards bodily waste and thus wastewater is considered a 
major barrier in studies of wastewater reuse practices. While there exists a large literature 
on conceptions of wastewater reuse and barriers to reuse, anthropologists have been 
almost entirely absent from this scholarship. Scholars in a variety of other fields from 
geography and development studies (e.g. Baumann 1983, Ching 2010; Hartley 2006, 
Ormerod and Scott 2013) to public health (e.g. Bruvold 1972, 1987) and sociology 
(Marks et al. 2008), to environmental engineering (Keramitsoglou and Tsaharkis 2013), 
and psychology (e.g. Callaghan et al. 2012; Haddad et al. 2009; Rozin et al. 2015) to 
economics (e.g. Birol et al. 2010; Dupont 2013) have been tackling this issue for some 
time. A partnership between environmental engineers and anthropologists at Arizona 
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State University is one of the first interdisciplinary teams to involve anthropologists in 
the assessment of disgust or the “yuck” factor associated with reuse. This partnership 
resulted in the study of de facto wastewater reuse in three cities (Atlanta, GA, 
Philadelphia, PA, and Phoenix, AZ) in the United States (Rice et al. under review) as 
well as the understanding of wastewater treatment processes, disgust, and scenarios under 
which wastewater reuse is acceptable in nine different countries (Australia, China, Fiji, 
Guatemala, New Zealand, Spain, Switzerland, the United Kingdom, and the United 
States). 
 While not focusing on the disgust associated with reuse, disgust was the instigator 
for the most well-known anthropological study of wastewater. It was the juxtaposition 
between tourists’ disgust with what they saw as the polluted nature of the Ganges and the 
Hindu practice of bathing in this sacred river that led Alley (2002) to her investigation of 
wastewater. Adopting a political ecology approach, Alley tracks the development of 
wastewater management in northern India in order to understand the cultural meaning of 
sewage and the politics of use. Her ethnography has a wide focus, one of which is the 
tension between expectations that the government provide sanitation services and the 
reality that many have to rely on development agencies for such services. 
 While sanitation projects have been overshadowed by the wider water delivery 
agenda, neoliberal sanitation development programs have been in existence for many 
years and have long involved anthropologists. Benjamin D. Paul (1958) provides one of 
the first anthropological attempts to assess anthropology’s role in sanitation programs. In 
a paper presented before a group of engineers and public health specialists, Paul makes a 
case for cultural anthropology to be incorporated into the curriculum in public health 
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programs. He reviews differences across the world in perceptions of uncleanliness and 
while his paper is not explicitly on wastewater, he does review customs in such places as 
India and Peru and the difficulties of health workers in implementing sanitation programs 
due to different perceptions of water, the environment, and sanitation. 
 Benjamin Paul’s review set the stage for anthropologists engaging in sanitation 
development programs by providing insights into the best practices for implementation. 
For example, Mary Elmenford and Raymond Isely (1983) provide another literature 
review that focuses on women’s roles as users and facilitators of water and sanitation 
development projects. In their article, they focus on developing solutions for how water 
and sanitation systems can be managed after implementation. Their argument is that as 
the primary users of domestic water, women need to be included in the consultation 
process and during the implementation phase as the failure of most projects is not in the 
technology, but in the lack of community buy-in and training. Despite Elmenford and 
Isely’s review, however, implementation of successful programs still remains as issue. 
May Yacoob and Linda Whiteford (1994) highlight this problem and argue for behavioral 
change in hygiene practices to co-occur with sanitation projects. They criticize sanitation 
programs for only operationalizing sanitation as “the disposal of feces and the 
construction of latrines” and failing to address “behavioral changes that communities 
must undertake to bring about health benefits” (332). The incorporation of 
anthropologists into development projects has proven to be successful, as can be seen in 
the work of Larrea-Killinger and colleagues (2013) who document the value of 
collaborations between epidemiologists and anthropologists, namely, the ability of 
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anthropologists to document the social experience of disease, hygiene, and sanitation 
practices, both before and after the construction of a sewage system. 
 One approach that has recently been gaining traction in WASH (Water, 
Sanitation, and Hygiene) programs is Community Led Total Sanitation (CLTS). This 
approach was pioneered by Kamal Kar in Bangladesh in 1999. The goal of CLTS is to 
create ‘open defecation free’ (ODF) communities through generating shame and disgust 
about open defecation in order to “trigger” a community into action (WaterAid 2013:3). 
While some anthropologists argue for the adoption of this method (e.g. Budge 2012; 
Musyoki 2010, 2011), the approach is problematic, especially from an anthropological 
perspective as it is imposing primarily Western (i.e. colonial) ideals (Engel and Susilo 
2014) and in many cases, may be exacerbating inequities within a community (Mehta 
2011:2).  
Previous studies have also shown that increasing knowledge about the health risks 
of poor sanitation does not necessary produce changed behavior (e.g. Curtis et al. 1995; 
Curtis et al. 2003; Scott et al. 2007). Curtis (2007) has highlighted other cases in which 
use of disgust by health promoters has not produced the desired effects (e.g. epidemics of 
panic around food contamination, quarantining and lack of care for people with 
HIV/AIDS, lack of support for caregivers, etc.). Jamie Bartram and colleagues (2012) 
review some cases of the unintended consequences within CLTS which they claim 
infringe on individual human rights. Additionally, in their review of several sanitation 
approaches in Bangladesh, Hanchett and colleagues (2011) showed that while 
communities practicing CLTS did have a higher percentage of latrine use, occasional 
open defecation was still practiced by people living in houses with latrines and that this 
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practice was most frequent in communities practicing CLTS. Additionally, within CLTS 
communities, there was a high degree of latrine uncleanliness and social distancing from 
latrines (i.e. installing of latrines far away from social spaces) that Hanchett and 
colleagues attribute to the continuation of cultural concerns around spiritual pollution and 
personal purity. 
 One major component of the CLTS approach is that no subsidy is provided for the 
construction of latrines or other sanitation infrastructure. Infrastructure investment has 
historically been a major component of sanitation development programs. Several recent 
studies have followed the implementation and post-implementation issues of sanitation 
infrastructure in different communities. Ratner and Gutierrez (2004) explore the initial 
failures of the Jucanya Wastewater Treatment Plant in Panajachel, Guatemala where 
outside investors created a sanitation system with little consideration of the social or 
institutional setting. The authors also discuss how the local residents have been able to 
reassert concepts of community and governance over shared resources after the initial 
failures of the project.  One of the large issues in the case of the Jucanya plant was 
assuring financial sustainability. In her dissertation entitled “Cairo Ecologies: Water in 
Social and Material Cycles,” Tessa Farmer (2014) also explores financial issues related to 
informal systems and the implementation of a state-sponsored sewerage system in a 
squatter settlement in Cairo, Egypt. By examining water as a location for the overlap of 
the natural and social, Farmer is able to document many of the lived realities of residing 
in this stigmatized environment and the unintended consequences of becoming a part of 
the formal system, such as having to pay for services that residents previously tapped into 
illegally. MaryAnn Cairns (2014) provides another example of the technical difficulties 
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of a sanitation project in her dissertation entitled “Environment, Rights, and Waste in 
Bolivia: Addressing Water and Sanitation Processes for Improved Infrastructure.” She 
adopts a political ecology approach to link anthropological approaches to water and the 
development of a water and sanitation projects in Sapecho, Bolivia. Cairns’s research 
specifically addresses the interconnections between the technological practices and 
cultural practices of both implementing and maintaining water and sanitation 
infrastructure.  
Cultural practices surrounding waste management, specifically in Africa, have 
also been the focus of recent investigations within the French-speaking tradition of social 
anthropology. For example, Bouju (2008) examined urban governance through a case 
study of sanitation and waste-management services in Burkina Faso. His research 
examines both the failure of the municipality for providing public sanitation services and 
the failure of the public in appropriately disposing of their waste. His focus is primarily 
on the disposal of waste in urban public spaces, which are not seen as a common good 
but rather as free space, open to appropriation by any who are in a position to take it. This 
is a result of both the colonial history of Burkina Faso, the recent economic crisis, and the 
fact that the majority of urban residents are rural migrants who have no concept of urban 
public space and its intended (Western) function and who do not adopt the Western 
practices of urban living in terms of sanitation and hygiene.  
While it is clear from the work reviewed above that sanitation and wastewater are 
becoming of greater interest to anthropologists, there is still much work to be done.  The 
integration of anthropologists and/or anthropological methods and ethics into sanitation 
development projects is a key step to ensuring that these programs are tailored to the 
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communities’ culture and are successful in the long-term.  Additionally, as freshwater 
continues to become a scarcer resource, anthropologists are needed in the investigations 
of water reclamation and reuse projects.  Anthropologists have long been involved in the 
investigation of disgust but have been almost entirely absent from the use of this dialogue 
in wastewater reuse research. Additionally, most work in public acceptance of 
wastewater reuse has been in the developed world (namely the United States, Australia, 
and western Europe) and very little has been comparative. In these studies, the lack of 
community buy-in has been cited as the primary reason for the failure of wastewater 
reuse projects. Anthropology is uniquely suited to addressing these gaps in knowledge 
and understanding by exploring local ecological knowledge, or the range of cultural 
understandings, of water and wastewater both within and across communities in order to 
develop culturally-specific as well as universal strategies to improve water management 
and enable wastewater reuse schemes.   
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CHAPTER 3 
CROSS-CULTURAL PERCEPTIONS OF WATER RISKS AND SOLUTIONS 
ACROSS SELECT SITES* 
 
*This chapter was published in Society & Natural Resources, 
DOI:10.1080/08941920.2012.723302, in collaboration with Kelli L. Larson, Amber 
Wutich, Alexandra Brewis, and Dave White. 
 
Abstract 
Water scarcity involves quantity and quality risks, as well as technological, 
behavioral, and policy-based factors. This study informs understanding of water scarcity 
by examining perceived threats and solutions across sites in the United States, New 
Zealand, Fiji, and Bolivia. Using interview data, we (1) characterize perceived water 
scarcity risks and solutions for each setting and (2) examine how perceptions differ 
across countries based on development and water scarcity. Broadly, residents in 
developed contexts worried more about quality than about quantity, and individual 
practices (e.g., preventing pollution) were most commonly cited as remedies.  Yet 
significant differences exist across geographies.  First, residents in water-scarce regions 
were relatively concerned about quantity, and they tended to emphasize collective 
policies and technologies.  Second, residents of developed countries were more likely to 
suggest collective water policies as strategies, whereas those in developing areas stressed 
behavioral and technological strategies as solutions, primarily to pollution.         
Keywords:  cross-cultural research; development; governance; risk perceptions; water 
scarcity 
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Introduction 
 Much of our current understanding about how people experience and respond to 
water scarcity is based on place-based research in single regions or nations (e.g., 
McDaniels et al. 1997; Barbier et al. 2009; Domènech and Saurí 2010; Wright et al. 
2012; Rojas and Megerle 2013).  Although these studies are important, less is understood 
about how people’s perceptions of water risks and solutions compare across different 
geographic and cultural contexts. Cross-cultural studies are needed since water scarcity is 
largely a social dilemma (Brandes 2009). Further, research has demonstrated that local 
context influences risk perceptions (de França Doria, Pidgeon, and Hunter 2009; Rojas 
and Megerle 2013; Wutich et al. 2014).  
In this article we analyze interview data across four distinct contexts to answer the 
following questions:  (a) What are the biggest perceived threats (i.e., risks) concerning 
water scarcity across sites? (b) What are the most commonly suggested management 
approaches (i.e., solutions) for addressing those threats? (c) How do residents’ 
perceptions of risks and solutions vary with differences in water scarcity threats and 
economic development status? Both water scarcity and economic development are 
critical for determining water policies (Holtz 2009).   
This research is based on analysis of interview data collected across local sites in 
four countries (the United States, New Zealand, Fiji, and Bolivia) representing different 
levels of water scarcity and economic development.  First, thematic analysis and coding 
of narrative responses identified the perceived threats and solutions for site-specific water 
issues.  Next, statistical tests determined whether different degrees of water scarcity and 
economic development affected residents’ perceptions of particular types of risks and 
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management strategies.  As justified in the next section, individual threats were 
categorized as water quantity or water quality risks, and distinct solutions were classified 
as individual behaviors, collective technologies, or collective policies.    
 
Water Scarcity Risks 
 Water scarcity is arguably the most pressing challenge to global sustainability 
(Gleick 1998, Postel 2000, Feldman 2012).The United Nations (2006) defines water 
scarcity as “the point at which the aggregate impact of all users impinges on the supply or 
quality of water under prevailing institutional arrangements to the extent that the demand 
by all sectors, including the environment, cannot be satisfied fully” (2). The United 
Nations (2015) further elaborates that water scarcity can stem from consumer practices or 
affluence, in addition to natural and anthropogenic perturbations (e.g., drought, climate 
change, population growth, resource degradation).  
A number of approaches exist for conceptualizing and measuring the adequacy of 
freshwater supplies and human vulnerability to water scarcity (Rijsberman 2006). Most 
measures of human water requirements, such as Falkenmark’s (1989) “water stress 
index,” characterize scarcity as a ratio of water availability to human population, 
calculated in terms of renewable water resource per capita annually compared against a 
predetermined threshold. While this and other indicators reflect country-level water 
stress, Vörösmarty et al. (2000) developed an index that reflects subnational differences 
by pinpointing smaller regions that are under stress. Generally, this index considers 
vulnerability from climate change impacts and population growth relative to thresholds 
defined by the United Nations (UN). 
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Water scarcity is a function not only of availability but also of the quality of the 
water being used or consumed (Brooks, Brandes, and Gurman 2009). Although some 
contaminants occur naturally (e.g., arsenic, giardia), anthropogenic pollution has severely 
exacerbated the effects of polluted water on human health and ecosystems. Human-
induced threats to water quality stem from agricultural, industrial, and urban land use 
activities (Feldman 2012). Indeed, scholars argue that water quality should be included as 
a central aspect of scarcity alongside quantity (Seckler, Barker, and Amarasinghe 1999; 
Rijsberman 2006; Brooks et al. 2009). We therefore conceptualize scarcity as a 
multidimensional state encompassing water quantity and quality risks. Moreover, water 
scarcity is not only a matter of physical conditions; it is also affected by economics, 
politics, or other societal factors, including human or ecological needs and related goals 
(Seckler et al. 1999). 
Research on perceptions of water scarcity has focused largely on water quality 
and health (e.g., Syme and Williams 1993; Anadu and Harding 2000; de França Doria et 
al. 2009), rather than on water quantity. Perhaps this is because people—at least those in 
developed regions—tend to be more concerned about drinking water quality than issues 
of availability or consumption (Larson, Ibes, and White 2011). Although aesthetics (e.g., 
taste, appearance, odor) have the greatest impact on perceptions of water quality, factors 
including ethnicity, water source, and location (e.g., rural versus urban areas) have also 
been found to significantly affect water quality perceptions (Wright et al. 2012; Rojas and 
Megerle 2013).  
Past research on water scarcity has further demonstrated that risk perceptions vary 
both within and across nations or regions. For instance, one study found that residents of 
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the United Kingdom perceived tap water to be safer than those in Portugal, where 
residents were more likely to drink bottled water (de França Doria et al. 2009). Other 
studies have found intranational differences in perceptions of water risks (Syme and 
Williams 1993; Anadu and Harding 2000). Syme and Williams (1993), for example, 
found that perceived water quality differed with levels of pollution among Australian 
communities within the Perth metropolitan region. 
Understanding perceptions of water quality and water quantity is critical for 
addressing water scarcity risks. Studying perceived risks along with preferred 
management strategies is also essential for advancing knowledge and practice aimed at 
mitigating or coping with risks. 
 
Water Management Strategies  
 Gleick and others have differentiated between hard and soft path approaches to 
water management (Gleick 2002, 2003; Brooks 2005; Brooks et al. 2009).  Hard 
approaches embody traditional technological and structural fixes such as dams and other 
infrastructure used for storage, flood control, and hydropower; canal and pipes for 
movement and delivery; and centralized treatment plants for safely discharge wastewater 
and cleaning water for drinking.  The central focus of hard pathways is augmenting and 
managing water supplies. In contrast, the soft path favors reducing demands, managing 
water uses, and improving efficiencies.  Soft-path approaches require institutional and 
behavioral changes, including the adoption of efficient technologies and water-use 
practices.  
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 A recent study demonstrated of how perceptions of soft versus hard strategies 
differ across international sites (Wutich et al. 2014).  The results indicate that 
development status affects perceptions of water solutions more than does water scarcity, 
in that residents in less developed areas (i.e., Fiji, Bolivia) emphasized hard paths (e.g., 
building or updating infrastructure such as wells and storage tanks) or no paths (as in, 
“We can’t do anything” and “Let nature take its course”) relative to residents in more 
developed locations (i.e., the United States and New Zealand).  People in less developed 
regions also minimized the importance of soft-path approaches while stressing instead the 
development of small-scale infrastructure (e.g., digging wells and building storage tanks) 
as well as decentralized actions (e.g., keeping animals away from streams and restricting 
pollutants).   
 Wutich et al. (2014) reported that in developed contexts, which tend to have more 
resources (financial and otherwise), residents were more likely to suggest regulatory 
strategies compared to developing ones.  Interestingly, views about hard-path strategies 
did not vary based on water scarcity levels.  However, the water-scarce sites were more 
likely to see no pathways to resolving water scarcity risks. They were also less likely to 
suggest soft-path strategies, although these approaches were supported by many residents 
overall.   
Our research approach builds upon this Wutich et al. (2014) study by going 
beyond soft-/hard-path solutions to distinguish (a) between quantity versus quality risks, 
and (b) among three different types of management strategies. Specifically, we 
differentiate between behavioral, technological, and policy strategies.  Behavioral 
strategies entail actions taken to reduce the amount of water available for particular 
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purposes (i.e., conservation practices), or actions taken to improve the quality of water by 
either eliminating pollution or treating/cleaning it (e.g., by boiling). Behavioral strategies 
also include the decentralized building and maintenance of infrastructure that is privately 
owned and managed by individuals. Collective technological strategies encompass 
infrastructure that is built and operated by a centralized source (such as a water utility, 
government entity, or other organizations).  Collective policy strategies, which essentially 
embody planning and management initiatives at societal or governmental levels, involve 
different policy approaches, such as restrictions, economic incentives, and educational 
endeavors that enhance societal coordination and the capacity to address water risks 
collectively (Schneider and Ingram 1990; Paul-Wostl 2009).  
Previous research on water management strategies has been widely varied in 
topical and geographic focus. Many studies have examined particular problem situations 
or management practices. For example, in a study of farmers’ adaptations to drought in 
Burkina Faso, Barbier et al. (2009) found that small-scale investments in irrigation 
systems were popular, as were practices such as water harvesting. Meanwhile, research in 
metropolitan Spain demonstrated that perceptions of health risks and costs, as well as 
environmental awareness and the type of graywater operation regime, affected 
acceptability of graywater systems (Domènech and Saurí 2010). Still other studies have 
differentiated between policy strategies, demonstrating that residents tend to favor 
voluntary approaches over regulatory ones (e.g., Larson et al. 2009). As a whole, 
relatively few studies have examined wide-ranging solutions in diverse settings, which is 
why the current study focuses on a variety of behavioral as well as technological 
solutions at individual and collective levels. 
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Development Status and Water 
Development is a multifaceted state involving national wealth, education levels, 
institutional strength, and other aspects of human well-being (World Bank 2013). We 
respect and appreciate critiques of this concept as an overgeneralization of finer within-
country details, and as an apolitical perspective that negates issues of colonization, 
exploitation, and related injustices (Shakow and Irwin 2000). Nevertheless, the construct 
is useful as a frame of reference for understanding the broader conditions that often result 
from these political–economic processes. 
Development status affects risks by determining the resources and capacities for 
governance, as well as the technologies and infrastructure involved with managing water 
(Holtz 2009; Wutich et al. 2014). For instance, inadequate treatment facilities and weak 
regulations in developing regions result in greater water quality risks (Feldman 2012). 
Developing nations also often have weaker national governments, fewer formal policies 
for resource management, and less centralized water systems compared to developed 
regions. However, residents in developing areas tend to have more hands-on experiences 
with water management and stronger informal rules of governance (Ostrom 1990; Wutich 
et al. 2014). 
Regarding development status, we hypothesize that residents in less developed 
areas (in Bolivia and Fiji) will exhibit stronger concerns about water quality compared to 
those in developed areas (in the United States and New Zealand). We also expect 
residents of relatively developed locales to be more concerned about issues of excessive 
consumption and water availability. Further, people living in less developed locations are 
likely to support large-scale infrastructure as solutions since these technologies are 
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lacking, and therefore, residents have less experience with negative consequences 
stemming from storage dams or similar infrastructure (Leiserowitz, Kates, and Parris 
2005). Meanwhile, we expect the perceived value of collective policies to be weak, since 
these too are lacking in less developed nations. Since residents of developing nations 
often rely on community-based actions and rules for resource governance, the lack of 
centralized control may also result in stronger suggestions for decentralized behaviors 
(Ostrom 1990). 
In regions that are relatively water scarce, we logically expect heightened 
concerns about the lack of availability (quantity risks) among residents. Comparatively, 
residents of relatively water-secure regions may be more concerned about water quality 
risks since their climate regimes lead to relatively abundant water supplies compared to 
water-scarce regions. Finally, because water-scarce regions often have low precipitation 
and/or access to clean water, we anticipate stronger support for all types of management 
strategies among residents who live in water-scarce areas. 
 
Study Design 
Following the theoretical replication approach  (Yin 2009), we selected sites in 
four countries on two dimensions: water scarcity and development status (Table 3-1).  
The sites were selected based on research teams’ long-standing ethnographic field work 
in Bolivia, Fiji, New Zealand, and the United States. Before describing the sites in further 
detail, we first explain the methods employed for data collection and analysis.  
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Methods  
Data Collection 
We employed a nonprobabilistic sampling design (Bernard and Ryan 2009), that 
targeted only permanent adult residents.  The rationale for this survey design, which is 
standard in cultural research, is that if a shared understanding of water issues exists, it 
should be identifiable through sampling in public spaces (Handwerker and Wozniak 
1997). Following guidelines for identifying themes in qualitative research (Bernard, 
Russell, and Ryan 2009; Guest, Bunce, and Johnson 2006), we set the minimum number 
of respondents in each site at 12-20. We conducted 132 interviews in total: 41 in Bolivia, 
37 in Fiji, 24 in New Zealand, and 30 in the United States. Because we exceeded the 
minimum sample size in each site, we were able to identify core themes and less common 
subthemes and peripheral themes (see Tables 3-2 and 3-3).  
In each site, the data were collected using face-to-face, semistructured interviews. 
Ethnographic experts trained the interviewers in recruitment of participants, consent 
procedures, interviewing techniques, data entry, and checks on data quality. To enhance 
response comparability, the semistructured interview protocol was the same for each site, 
with some minor modifications to the demographic questions (e.g., adopting race and 
ethnicity categories from each country’s census).  
The initial survey was written in English and thoroughly pretested with English-
speaking respondents to ensure its comprehensibility for respondent and usability for 
field interviewers. Interviews were conducted in respondents’ language (English in the 
United States and New Zealand, and English or Fijian in Fiji and Spanish in Bolivia). In 
Fiji, translators were used, as needed. For Bolivia, the protocol was translated by two 
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bilingual English/Spanish speakers. The translated protocol was extensively cognitively 
tested with members of the target study population in Cochabamba to ensure that the 
translation reflected the local dialect. 
Our semistructured interview protocol addressed topics including water 
availability, water quality, water institutions, and basic demographic questions. The data 
analyzed here were elicited using three open-ended questions. We first asked respondents 
to name up to five natural sources of water in their country. This produced responses such 
as “streams,” “well water,” and “rainwater.” Second, to elicit information about risks, we 
asked respondents what threats they perceived to each water source. This produced 
responses such as “water disease,” “drought,” and “pesticides.” Third, to elicit 
information about solutions, we asked respondents what solutions they thought could 
improve or secure the supply of water from the water sources they had previously named. 
This produced responses such as “boil water,” “ration water,” and “build more dams.” 
We also used nonspecific and nondirective probing (e.g., “What other solutions are 
there?”). Interviewers wrote down respondents’ statements verbatim.  
 
Data Analysis   
We used a content analysis approach (Krippendorff 2012) to explore our 
hypotheses. Our first step was to identify key concepts from the literature related to water 
risks (i.e., water quantity and water quality) and water solutions (i.e., individual 
behavioral strategies, collective technological strategies, and collective policy strategies). 
Next, we created code definitions that enable us to identify—in  reliable and valid 
ways—the presence or absence of theoretically meaningful topics in the free-flowing text 
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we collected from respondents (Bernard, Russell, and Ryan 2009). Following MacQueen 
et al. (1998) approach, we defined each code using a theoretically informed definition, 
inclusion criteria, and exclusion criteria. We also included typical and atypical exemplars 
culled from the four research sites as part of each code.  
The coding unit for this study was at the statement level; respondents provided up 
to 20 statements total (10 water risks and 10 water solutions). Overall, 630 statements 
were coded across all respondents. After pretesting and refining the codes, we tested 
interrater reliability using Cohen’s kappa (Cohen 1960). For the five codes, interrater 
agreement was very good or better (κ > .75): water quantity (κ = .89); water quality (κ = 
.93); individual behavioral strategies (κ = .78); collective technological strategies (κ = 
.84); and collective policy strategies (κ = .87).  
The water risk and solution codes were mutually exclusive. Water risks could be 
coded as [quality OR quantity], with quantity statements limited to concerns about the 
lack of water. Water solutions could be coded as [individual behavioral strategies OR 
collective technological strategies OR collective policy strategies]. If a statement could 
not be linked to any of the relevant codes (e.g. the statement was too ambiguous), it was 
not coded. Beyond coding for themes, we also coded to indicate whether each respondent 
resides in (a) a site that is more or less economically developed country (using 
classifications from the World Bank 2013) and (b) a site that is water scarce or not (with 
classifications from International Water Management Institute [IWMI] 2007; see Table 
1). 
After the initial coding phase, we performed further analyses to identify site-
specific themes and trends across sites. First, we grouped statements site-by-site to 
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identify themes, subthemes, and peripheral themes in water risks and solutions. To 
enhance reliability and validity, a secondary coder also assessed these non-mutually 
exclusive site-specific themes. In our results (see Tables 3-2 and 3-3), we present core 
themes (i.e., broad themes found in many interviews), subthemes (i.e., distinct meanings 
within broader themes), and peripheral themes (i.e., narrow themes found in sub-clusters 
of interviews).  
Next, we conducted cross-site analyses to determine the association between 
development states, water scarcity, and the coded data on perceived risks and solutions 
(see Figures 3-1 and 3-2). Specifically, we performed chi-squared tests for independence.  
 
Findings  
 Before presenting the statistical results, we first characterize site-based themes in 
water risks and solutions. 
Thematic Results  
U.S. Site (Developed, Water Scarce) 
The U. S. site was the periurban village of Laveen in metropolitan Phoenix, AZ. 
Traditionally, livelihoods in Laveen have been linked to farming, but the area is 
becoming increasingly suburbanized with high-density developments. To support this 
shift, Phoenix has extended city water and sewage service to this area, which had 
formally been served by groundwater wells and septic tanks. Infrastructure development 
and supply augmentation have been a significant focus of water management in the 
region, along with groundwater overdraft and the ongoing, long-run drought. 
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 Unique among the four sites, residents interviewed at this water-scarce site 
frequently mentioned “shortages,” citing both physical (hydrologic) and institutional 
reasons for shortages (Table 3-2). In physical terms, common subthemes included 
“drought,” “low rains,” and a “low water table.” Regarding institutional shortages, local 
residents referenced shortages due to legal water rights that threaten the loss of water to 
downstream California or to upstream dams in the Colorado River basin. As a less 
common, peripheral theme, “overpopulation” was associated with growth and 
consumption in the region. Concerning water quality, several U.S. participants referenced 
contamination in a number of ways, with subthemes including “insecticides” and 
“pesticides,” “chemicals,” “pollution,” and “runoff contamination.” 
For solutions (Table 3-3), activities relating to chemical usage—such as “stop 
using certain chemicals” and “use Earth-friendly chemicals”—were commonly 
mentioned as behavioral strategies, whereas “regulations” and “rationing” were stressed 
as policy strategies. The former were referenced in terms of enforcing “existing 
regulation,” as well as implementing “more strict rules about dumping chemicals” and 
using “better regulation on biohazard waste.” Rationing was mentioned in relation to a 
variety of sources including lakes, rivers, canals, and reclaimed water. Administration 
and education strategies were peripheral policy themes supported by a smaller number of 
interviewees, with statements such as “broad-based oversight” and “public information.” 
Regarding centralized technologies, water “storage” was regularly promoted in the form 
of “dams” and “reservoirs,” in addition to suggestions for “new piping” in the sewer 
system.  
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New Zealand Site (Developed, Not Water Scarce) 
The New Zealand site of Piopio is a semirural community in the west-central part 
of the North Island. Cattle and sheep are commonly raised in this agricultural area. Some 
residents are employed in tourism and other services. Residents of the town center are on 
a public piped water supply. Farmers in the surrounding areas own their own springs and 
collect water from rivers and rainwater. Except in times extreme drought, water is 
abundant and universally accessible. Water management at this study site focuses on 
water quality (especially agricultural contaminants) and water control (particularly 
indigenous rights).  
 Similar to all the sites sampled, people at the New Zealand site perceived 
“drought” as a major threat (Table 3-2). As in the United States, some residents 
mentioned “overuse” of water as a peripheral theme relating to water quantity. However, 
contamination was more commonly referenced as a water quality concern, with emphasis 
on chemicals.  Farming was seen as a major culprit in water pollution, specifically in 
terms of “fertilizers” and “animal waste.”  Didymo (an invasive algae species) and 
giardia were additional risks uniquely perceived at this site compared to others. As the 
second major water quality theme, farming was seen as a major threat by several 
interviewees, specifically in terms of “fertilizers” and “animal waste.” A less common 
peripheral theme was identified as “recreational pollution,” with statements such as 
“pollution from boats” and “tourism bringing in didymo.” 
 “Fencing off” waterways or “keep[ing] animals out” were primary themes for 
addressing pollution at the New Zealand site (Table 3-3).  “Stop polluting” was also a 
common response, with “stop burning” as a subtheme.  Additionally, proper use of 
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fertilizers was pinpointed as a potential solution, as in “correct usage of fertilizers” and 
“good fertilizers.”  The maintenance of private tanks was another commonly mentioned 
behavioral solution to pollution, with statements emphasizing “seal[ing]” or “cover[ing]” 
tanks. A less frequent peripheral theme that emerged was “keep[ing] birds away.” Similar 
to other sites, collective policy strategies were referenced, particularly regulations, with 
specific actors mentioned as subthemes (i.e., regulations on “companies,” “tourists,” 
“farms,” and “individuals”). “Education” and “awareness” were also common collective 
solutions at the New Zealand site, more so than at the other study sites. Also unique to 
this site, “monitoring” water use for consumption and recreational purposes was a 
peripheral theme. Lastly, “clean[ing]” shared water resources was the only collective 
technological strategy mentioned.  
Fiji Site (Developing, Not Water Scarce) 
The Fiji research was conducted on the southern island of Viti Levu, in an 
indigenous, semi-rural village. Similar to the New Zealand site, livelihoods tend to focus 
on farming and tourism. Residents typically obtain water from a range of natural sources, 
including rainfall, rivers, streams, and springs. The village owns and maintains a small 
water system tied to a local river and its dam. Supported by international funding, recent 
improvements to the water system (such as upgraded pipes) have significantly improved 
water availability and access. Water quality is a serious concern for local villagers, 
especially following periodic floods. 
 The only reference to water quantity risks at the Fiji site was “drought” (Table 3-
2).  Research participants there were more concerned with water quality, commonly 
mentioning health effects including “diarrhea,” “illness,” “diseases,” and “skin diseases.”  
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Animals were also commonly seen as a threat, with “piggeries”, “cow waste”, and 
“insects” as subthemes.  Lastly, and unique to this site, the development of “housing” 
was seen as a threat, particularly due to “construction contamination” and “sewage.”  A 
peripheral theme emerged for saltwater intrusion, or, in the words of locals, “mixing with 
salt water.”   
 The behavioral strategies most frequently stressed by Fijians were “boil water” 
and “do not pollute”, with “stop dumping rubbish” as a subtheme. The management of 
animals was also a major theme, with subthemes such as “secure pastures,” “move 
animals,” and “get rid of animals.”  As a peripheral theme, “adding chlorine” was 
referenced by some residents as well.  Regarding collective policies, regulations were 
again regularly cited as a major theme, with references to limiting “logging,” “excessive 
fertilizers,” and “industries”. Education was mentioned by some of the residents 
interviewed, although as a less common peripheral theme.  Finally, residents stressed 
collective technologies in terms of “build[ing]”infrastructure or “water projects” such as 
“reservoirs” and “tanks.” Developing “purifying systems” and “covering wells” were also 
referenced in the Fiji village. 
Bolivia Site (developing, water scarce) 
The Bolivia site encompasses periurban squatter settlements in the Zona Sur 
region of the semiarid city of Cochabamba. Selling of fruit, vegetables, and other 
products is common among local residents. Most squatters lack access to the municipal 
water system. Some squatter settlements own and administer their own water systems, 
but these systems rarely supply enough water to meet minimum household needs. 
Households supplement their supplies by collecting rainwater and purchasing water from 
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tanker trucks. Throughout Cochabamba’s squatter settlements, water scarcity is common, 
water quality is low, and the high cost of water is a major burden for low-income 
households. 
 Similar to Fiji, “drought” was the only major theme arising for water quantity 
risks at the Bolivia site (Table 3-2).  Far more people referenced contamination in terms 
of “bugs,” “animals,” “trash,” and “chemicals.”  Dirtiness was also a dominant theme. 
“Wash[ing]” was a subtheme, as in, “it is dirty because people bathe there.”  Less 
frequently referenced peripheral themes included poor infrastructure such as “bad pipes,” 
in addition to “health issues” such as “diseases” in the water.    
 With respect to solutions at the Bolivian site, individual behaviors and collective 
technologies were far more dominant than policies, which were barely mentioned (Table 
3-3). Only one peripheral theme for policies was identified: “leaders working to resolve 
[problems].”  Specific behaviors commonly mentioned were “do not contaminate” and 
“do not throw trash” in waterways. Small-scale infrastructure was also a dominant 
behavioral theme, with comments such as a “make a water tank” or “receive the water in 
200 liter drums.”  “Cover the source” was also a subtheme for behavioral solutions.  
Communally owned infrastructure was frequently mentioned for technological solutions, 
with subthemes for building “wells,” “channels/pipes,” and “houses” to cover wells, as 
well as “clean[ing] the wells.” Fixing communal infrastructure such as engines and pipes 
was also commonly mentioned, along with “cleaning wells.” Chlorine was mentioned by 
fewer residents as a peripheral theme.  
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Cross-National Patterns in Perceptions    
 The statistical tests on the coded data pointed to significant differences in all types 
of perceived risks and solutions, both with respect to water stress and development levels. 
Water Scarcity  
 As expected, residents of the water-scarce sites we sampled stressed availability 
problems (chi squared = 29.88, p<.001) more so than those in relatively water-abundant 
sites, where residents were more concerned about pollution risks (chi squared=18.20, p 
<.001; Figure 3-1).  Residents at the water- abundant sites were also more likely to 
suggest individual behaviors (chi square = 53.01, p <0.001), which tended to emphasize 
avoiding pollution.   As anticipated, people at the water- scarce sites also more commonly 
stressed collective technologies (chi squared = 4.33, p = .038) and collective policies (chi 
squared = 7.49, p = .006) compared to those at the other sites.              
Development Status  
 The hypotheses regarding development status all played out as expected.  
Residents interviewed at the developing sites expressed greater risks associated with poor 
water quality (chi squared = 18.17, p <.001) compared to those in developed sites (Figure 
3-2). People in developed areas, on the other hand, were more concerned about water 
quantity/availability risks (chi squared = 20.80, p <.001) compared to residents of 
developing sites, where residents more commonly lack access to clean water.  It is 
important to note, however, that pollution was far more commonly mentioned as a 
problem than water availability/quantity issues at all sites.  Regarding solutions, people 
interviewed at the developing sites in this study were more suggestive about individual 
behaviors (chi squared = 13.34, p <.001) and collective technologies (chi square = 21.98, 
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p <.001), while those living in relatively developed contexts were substantially more 
likely to perceive collective policies (chi squared = 66.52, p <.001) as solutions.     
 
Discussion 
Comparing our results to previous studies reveals several insights about cross-
cultural perspectives on water scarcity and risk management. In contrast to findings from 
Wutich et al. (2014), who found that development status was more critical than water 
scarcity in determining perceptions about hard versus soft path solutions, water scarcity 
was as significant as development in explaining cross-national perceptions of risks and 
solutions examined in this study.  This finding demonstrates the need to go beyond hard 
versus soft path solutions in order to understand public views and, by extension, the 
social viability of certain management strategies. Thus, a main contribution of this study 
lies in distinguishing between behavioral and policy-oriented strategies as distinctive 
soft-path approaches, particularly since we found that residents of developed sites 
favored policy initiatives whereas residents of developing sites favored behavioral 
strategies. 
Overall, people tended to suggest individual behavioral strategies to address water 
pollution problems more so than inadequate amounts of water. This finding is consistent 
with other research that has shown that water quality risks are more commonly seen as a 
threat compared to water quantity risks (Larson et al. 2011). This pattern held regardless 
of water scarcity or the development status of the sampled sites, likely because of the 
health concerns commonly associated with pollution (Domènech and Saurí 2010). 
Altogether, these findings reiterate the importance of distinguishing between water 
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quantity versus quality in managing water resources (Rijsberman 2006; Brooks et al. 
2009).  
Since pollution was a salient threat to many, and since individual actions were 
often suggested solutions for pollution problems, water managers and planners may find 
it easier to establish behaviors that deal with water quality compared to water quantity. 
Although some people in this study mentioned growth and overconsumption as threats 
(especially in Laveen, the U.S. site within the Phoenix region), personal actions were 
largely ignored for managing them. This finding underscores potential challenges for 
establishing individual actions to conserve water and manage demands. The finding that 
people in water-scarce contexts were more likely to see “no paths” for managing resource 
problems further exacerbates solutions to water availability/quantity threat. Lastly, 
suggested solutions for water quantity risks largely involved collective policy strategies 
such as limiting growth and restricting water use. While these policies present possible 
alternatives for managing water scarcity, they may not be politically viable in some 
regions. 
Similar to Wutich et al. (2014), we found that residents of developing countries 
viewed hard path strategies as solutions more than did those in developed regions. This is 
consistent with cross-national survey research that has shown residents of developed 
nations are more wary of technologies, presumably due to awareness of or experiences 
with their negative consequences (Leiserowitz et al. 2005). In the case of water, problems 
associated with technological fixes such as dams include high economic costs, 
environmental degradation, and social injustices due to displacing local communities 
from areas inundated by storage reservoirs. Although international aid currently supports 
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such hard path water projects, smaller scale initiatives to develop infrastructure could 
avoid some of the problems involved with large-scale infrastructure. This approach 
resonates with people’s perceptions, since the people we interviewed in developing 
locations commonly referenced small-scale private and communal infrastructure as 
solution strategies. Establishing these management pathways early in less developed 
regions could help avoid some of the problems associated with large-scale infrastructure 
and centralized management, thereby leading to more sustainable paths to managing 
water resources. 
For collective, soft-path approaches, people in the developed contexts we sampled 
more commonly called for collective policies compared to those in developing regions. 
This may be due to greater willingness to pursue communal approaches in the developed 
regions we studied. Perhaps trust in government also plays a role. While we cannot say 
for certain, this finding presents an important avenue for future research.  
The research presented herein informs understanding of risk perceptions and 
water governance in a variety of ways. However, caution must be used in generalizing the 
results too broadly before additional research is conducted to test and validate our results 
in a variety of locations. The approach used in this study provides a foundation for such 
research, as well as a comparative, cross-site framework that is well grounded in 
knowledge of water scarcity and management practices. 
 
Conclusion 
 In sum, this research found that perceptions about water scarcity differ across 
geographic contexts based on development status and water scarcity levels.  While 
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concerns about water quantity risks were heightened among people in water-scarce and 
developed sites, perceived water quality risks residents were elevated in water-scare and 
less developed contexts. Further, behavioral solutions were more commonly expressed by 
residents dealing with perceived pollution risks, whereas collective policies were favored 
in water scarce sites and developed sites.  Lastly, residents of developed nations were less 
likely to suggest the hard paths of collective technologies, except in water-scarce settings.  
Meanwhile, suggestions for hard infrastructure in less developed and water scarce areas 
must be addressed, perhaps by developing behavioral capacities and investing in small-
scale, decentralized projects.  
 Additional research is needed to examine cross-site perceptions of risks and how 
they are managed. The conceptual approach employed in this study is particularly useful 
in distinguishing between water quantity and water quality risks, both of which are 
central to understanding water scarcity. Considering various dimensions of hard and soft 
path approaches is also critical, including but not limited to different types of 
technological, behavioral, and policy approaches. Not only could future research reveal 
in-depth insights about perceptions and pathways for addressing water scarcity risks and 
their management, but such research will also aid understanding about how risk 
perceptions and solutions vary across diverse social, economic, and environmental.  
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Figures and Tables 
Table 3-1. Water Scarcity and Development Characteristics for Study Sites. 
Characteristics 
Phoenix,  
United States 
Piopio,  
New Zealand 
Viti Levu,  
Fiji 
Cochabamba, 
Bolivia 
National GDP per 
capita
1a
 
$49,965 $37,749 $4,438 $2,575 
National poverty 
rate (%) 
15 
2a
 15 
3
 31 
2b
 49.6 
2a
 
National life 
expectancy
1b
 
78.6 80.9 69.6 66.6 
Regional water 
scarcity
4
 
Physical None None Economic 
Water stress 
index (local) 
High Low Low Medium-High 
Sources:  1. Data from World Bank (2013). World Development Indicators: 1a 
indicates 2012 data, 1b indicates 2011 data.  2. Data from The World Factbook: 2a 
indicates 2010 data, 2b indicates 2009 data.  3. Data from the New Zealand Parliament, 
2010.  4. Data from IMWI 2007.  5. Water stress from Vörösmarty et al. (2000) 
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Table 3-2. Commonly Noted Responses for Water Scarcity Risks across Sites. 
 
United States 
(Phoenix) 
New Zealand 
(Piopio) 
Fiji (Viti 
Levu) 
Bolivia 
(Cochabamba) 
Quantity  Physical Shortages Drought Drought  Drought 
(Lack of)   (drought) Overuse  
 
 
  (low rains/water 
table) 
  
 
 
Institutional  
Shortages 
  
 
 
  (lose water to 
California) 
  
 
 
  (damming water 
upstream) 
  
 
 
Overpopulation   
 
Quality  Contamination Contamination Health Issues Contamination 
(Pollution) 
  
(insecticides/pestic
ides) 
  (chemicals)   (diarrhea)   (bugs/animals) 
 
  (chemicals)   (didymo)   (skin issues)   (trash) 
 
  (pollution)   (giardia) 
  
(illness/disease
) 
  (chemicals) 
 
  (runoff) Farming Animals Dirtiness 
 
 
  (animal 
waste) 
  (piggeries) 
  (washing in the 
river) 
 
   (fertilizers)   (cow waste) 
Poor 
infrastructure 
 
 
Recreational 
pollution 
  (insects) Health issues 
 
  Housing 
 
 
    (construction) 
 
 
    (sewage) 
 
 
  
Saltwater 
intrusion  
Note: Broad, dominant themes are listed first, with distinctive meanings listed as 
subthemes (in parentheses), and then relatively seldom-mentioned peripheral themes in 
italics.   
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Table 3-3. Commonly Noted Responses for Water Solution Strategies across Sites. 
 
United States  
(Phoenix) 
New Zealand  
(Piopio) 
Fiji  
(Viti Levu) 
Bolivia  
(Cochabamba) 
Individual 
Behavioral 
Strategies 
Chemical 
usage 
Fencing 
  (fence off 
rivers/streams) 
  (keep animals 
out) 
Stop polluting 
  (stop burning) 
Use of 
fertilizers 
Tanks 
  (maintain 
tanks) 
  (cover tanks) 
Keep birds out 
Clean 
Boil water 
Do not pollute 
  (stop dumping 
rubbish) 
Animals 
  (secure 
animals/pasture
) 
  (move 
animals) 
  (get rid of 
animals) 
Chlorine 
 
 
Do not 
contaminate 
  (Do not trash) 
Personal 
infrastructure 
  (water tank) 
  (cover the 
source) 
  (200 liter 
drums) 
Chlorine 
Collective 
Technological 
Strategies 
Water storage 
  (building 
dams/reservoi
rs) 
Sewer system 
  (new piping) 
 
Cleaning water 
sources 
Build 
infrastructure 
  
(tanks/reservoir
s) 
  (purifying 
system) 
  (cover well) 
Communal 
infrastructure  
  (wells) 
  
(channels/pipes) 
  (houses to 
cover wells) 
Fix infrastructure 
  (engines) 
  (water pipes) 
  (clean wells) 
Collective 
Policy 
Strategies 
Regulations 
  (Enforce 
existing) 
  (Implement 
new ones) 
Rationing 
Education 
Oversight 
Education 
  (awareness) 
Regulations 
  (on 
companies) 
  (on tourists) 
  (on farms) 
  (on 
individuals) 
Monitoring 
Regulations 
    (on 
farming/fertilize
rs) 
    (on other 
industries) 
Education 
Leaders working 
Note: Broad, dominant themes are listed first, with distinctive meanings listed as 
subthemes (in parentheses), and then relatively seldom-mentioned peripheral themes in 
italics.   
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Figure 3-1. Perceived Water Risks and Solutions: Water-Scarce versus Water-Rich 
Settings. 
 
Figure 3-2. Perceived Water Risks and Solutions: Developing versus Developed Regions. 
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CHAPTER 4 
WATER, TECHNOLOGY, AND POLLUTION: CROSS-CULTURAL KNOWLEDGE 
AND ACCEPTANCE OF WASTEWATER RECLAMATION AND REUSE 
PROCESSES ACROSS SELECT SITES* 
*This chapter is in preparation for submission to Human Organization, in collaboration 
with Jacelyn Rice, Amber Wutich, Dave White, Jonathan Maupin, and Alexandra Brewis. 
 
Abstract (no more than 200 words): 
As water becomes more scarce globally, and available water increasingly 
struggles to meet quality standards, there are concurrent global efforts to reclaim water.  
The transformation of water from dirty to safe and acceptable is a technological problem, 
but situated within core cultural concerns. Based on content analysis of respondent-
generated drawings of wastewater treatment processes collected from four very different 
global sites (Guatemala, Fiji, New Zealand, and Spain), there is a low level of knowledge 
of wastewater treatment technologies across all the sites, regardless of how water 
reclamation happens locally. Additionally, there is no correlation between knowledge of 
wastewater treatment technology, as measured in people’s drawings, and their reported 
acceptance of reclaimed wastewater for personal consumption. Our results suggest that 
technical knowledge of wastewater processes has little bearing on its acceptability, 
suggesting increasing acceptance of reclaimed water for personal use needs to be focused 
on explicitly cultural factors like benefits and trust.  
 
Keywords: water, pollution, wastewater, knowledge, public acceptance 
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Introduction 
As Douglas explained in Purity and Danger (1966), the perceptual boundaries 
between dirty and clean are at the core of all societies – and exist in the tension between 
chaos and order, and danger and safety.  Nothing better articulates this universal concern 
than wastewater reclamation, the technological process with the essential goal is to 
transform water from an unacceptable and unsafe “dirty” state to a safe and clean one.  
Although anthropological studies are few (especially given the level of water 
issues globally (Orlove and Caton 2010)), they do suggest the ways in which people 
respond to “acceptability” or water quality is complicated (Alley 2002; Eichelberger 
2012; Gartin et al. 2010; Singer and Evans 2013; Strang 2004). For example, in the 
Global North, bottled water has become a major commodity, in part because it is viewed 
as safer and purer than tap water --- even though this isn’t always actually the case (Jaffee 
and Newman 2012).   
Water, which appears prevalent on Earth, is in a constant state of circulation. 
Wastewater has been a part of this cycle for all of human history, usually through de 
facto reuse or the unplanned presence of wastewater in the water supply (Asano et al. 
2007). Today, the technology exists to treat wastewater to levels equal or superior to 
current potable water standards (Bixio et al. 2005; Wintgens et al. 2005) and Bontoux 
(1998) estimates that wastewater reuse could be equivalent to 15% of global water 
consumption. Despite the technology ability and need, public resistance to wastewater 
reuse systems remains a barrier to their implementation (DeSena 1999; Hurlimann & 
Dolničar 2010). How the transformation from one to the other (or failure thereof) is 
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perceived to happen in wastewater processes should impact whether people will willingly 
use it (Conway et al. 1998; Dolničar et al. 2010; Moore and Chapman 2003). 
  Wastewater reclamation is a vital technology in this context because shortages 
and low quality (pollution) in the worldwide supply of freshwater are an ever increasing 
problem. Climate-change impacts, including rising temperatures, changes in the amount 
and timing of precipitation, and increased variability, will likely reduce renewable 
surface and groundwater supplies and diminish raw water quality, leading to widespread 
but uneven risks (Jiménez Cisneros et al. 2014) and population growth and urbanization 
are increasing demand beyond our current infrastructural limitations (Vörösmarty et al. 
2000, 2010). Yet, if people do not perceive that water reclamation creates a safe/clean 
product that flows from the faucet, the technology is essentially a failed one for dealing 
with these growing global challenges.  
Our focus in this paper is to explore cross-cultural knowledge of wastewater 
treatment and the relationship between knowledge and perceptions of acceptability of 
treated wastewater reuse. Our comparative approach harkens back to Douglas’ suggestion 
that comparison is vital to understanding those complicated boundaries between 
acceptable/clean and unacceptable/dirty.  
We analyze interview data collected in four international sites with varying levels 
of wastewater treatment (Table 1) to answer the following questions: (a) Are there cross-
cultural/ecological variations in level of technical knowledge of wastewater treatment 
processes? (b) Does the level of technological treatment of wastewater present at each 
site relate to respondents’ knowledge of wastewater treatment, and (c) Is actual (vs. self-
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reported) knowledge of wastewater treatment related to people’s acceptance of 
wastewater reuse?  
Place-based research has long played an important role in studies of wastewater 
reuse, as both cultural context and regional environment factor into public perceptions, 
but more studies taking a comparative and cross-cultural perspective are now needed to 
construct more generalized theories around water management (Abu-Zeid 1998). To date, 
there are few comparative studies of wastewater reuse acceptance and those that exist, 
focus on comparing sites with similar cultures, language, or socio-political contexts and 
none focus their analysis on the relationship between knowledge and acceptance (Haddad 
et al. 2009; Marks 2006; Marks et al. 2008). There is also a dearth of research exploring 
the perspectives of residents of developing countries, where wastewaster, usually 
untreated or only marginally treated, is already used in agricultural production (Qadir et 
al. 2007). To address these gaps in the literature, this study focuses on two developing 
sites with no wastewater treatment (Acatenango, Guatemala) and primary plus ecological 
treatment (Viti Levu, Fiji) and two developed sites with secondary (Wellington, New 
Zealand) and secondary and limited tertiary (Madrid, Spain) treatment. While we 
recognize critiques of the development concept (e.g. Shakow and Irwin 2002), we argue 
that it is a useful construct in our analysis as it allows us to explore how longstanding 
inequities in global economic and governance structures impact the lived experiences of 
residents across different contexts. With this in mind, we examine patterns of technical 
knowledge of wastewater treatment within sites and explore whether there are cross-
cultural patterns across sites. We then explore how the level of technological treatment of 
wastewater at each site, a factor closely tied to development status, is related to 
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knowledge of wastewater treatment. Finally, we analyze if knowledge of wastewater 
treatment is correlated with acceptance of wastewater reuse. 
 
Background: Prior Research on Public Perceptions of Wastewater Treatment and 
Reuse 
Anthropologists have written very little about how people understand wastewater 
(Alley 2002; Strang 2004), and most of the prior studies are drawn from field like 
psychology and geography. The earliest explorations into understanding what affects 
public acceptance of wastewater reuse were conducted in the U.S. in the 1970s. Hanke 
and Athanasiou (1970) published the first analysis, looking at a random sample of 
households in Baltimore County, Maryland and testing hypotheses about the association 
between favorable attitudes toward wastewater reuse and various socio-demographic 
variables including previous knowledge of wastewater reuse schemes. They found that 
the degree of knowledge was fairly consistently a significant predictor of acceptance and 
suggested that in addition to the rational and economic benefits of reuse projects, 
education campaigns should also focus on safety and other benefits. Their findings are 
consistent with other studies at the time such as Johnson (1971) and Carley (1973). These 
studies also used self-reported knowledge of wastewater reuse. Using self-reported 
knowledge in studies of wastewater reuse acceptance is still common and more recent 
studies have consistently documented a positive correlation between knowledge and 
acceptance (e.g. Hurlimann and McKay 2004; Jeffrey and Jefferson 2003; Tsagarkis and 
Georgantzis 2003). However, self-reported knowledge failed to make a significant 
contribution to Nancarrow and colleagues’ (2008, 2009) structural equation model to 
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predict communities’ decisions about wastewater reuse in South East Queensland, 
Australia. 
Nancarrow and colleagues measured actual technical knowledge by asking 
respondents to provide examples of sources and uses of treated wastewater in Australia 
(Leviston et al. 2006). This measure also failed to emerge as a predictor. Several other 
studies have attempted to measure actual knowledge of wastewater treatment and reuse in 
a variety of different ways (Dolničar and Schafer 2009; Haddad et al. 2009; Kantanoleon 
et al. 2007; Robinson et al. 2005), however few have then linked these measures of 
knowledge to perceptions of wastewater treatment. Gibson (2011) provides an example 
of a study that did quantify actual knowledge and test the relationship to perceptions of 
reuse. In order to assess previously held knowledge of sustainable water schemes, 
respondents of Perth, Australia were asked to list any new water supply strategies in the 
area that they were aware of at the beginning of the survey. Respondents who named 
recognized strategies were coded as having previous knowledge.  Gibson (2011) found 
that those who had previous knowledge were more likely to express a favorable attitude 
towards the groundwater replenishment plan. Alhumoud and Madzikanda (2010) also 
documented a positive correlation between knowledge and perceptions in their study in 
metropolitan Kuwait; however, their measure of knowledge conflates knowledge of the 
process with knowledge of the potential advantage of reuse schemes.  
Other studies, also recognizing the limitations of using self-reported knowledge, 
have attempted to look at the role that providing information, both on the process and on 
the advantages of wastewater treatment, can have on perceptions of reuse. Lohman and 
Milliken (1985) designed an experimental panel study to assess the effect of (1) reading 
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informational material about wastewater reuse and (2) providing the informational 
material and taking a tour of a potable reuse wastewater treatment facility. While there 
were several limitations to their study, they did conclude that both interventions 
positively affected perceptions of potable reuse. Dolničar and colleagues (2010) 
developed a two-wave national survey in Australia that also found that providing 
information about treatment processes significantly increases the stated likelihood to use 
wastewater for a variety of purposes. Additional studies have looked at positive role of 
information provisioning but have not been able to isolate the independent effects of such 
campaigns on improved perceptions (Hills et al. 2002; Hurlimann 2007, 2008). 
The majority of the studies highlighted above found a positive relationship 
between knowledge and perceptions of wastewater reuse, though only one study of 
factual knowledge was statistically tied to more favorable attitudes of wastewater reuse 
(Gibson 2011).  Many of these studies argue that more information and awareness 
campaigns are needed to increase public acceptance of wastewater reuse schemes. 
However, a number of implementation plans have been stopped or delayed despite large-
scale information campaigns (e.g. DeSena 1999; Hurlimann and Dolničar 2010; Stenekes 
et al. 2001). Hurlimann and McKay (2004) attribute this to the relationship between trust 
and knowledge, arguing that unless people trust the source of the information, merely 
providing information will not actually increase trust in the water provider or willingness 
to use the product.  Law (2003) argues that it is likely a failure in the design of the 
campaign. Dolničar and colleagues (2010) expand on this and contend that the issue is in 
the distinction between providing factual information and running persuasive campaigns.  
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While it has been suggested that having technical knowledge of wastewater 
treatment increases the likelihood of acceptance (Conway et al. 1998; Moore and 
Chapman 2003), the previous studies that have analyzed the relationship between 
knowledge and acceptance or perceptions of wastewater reuse have rarely focused on 
factual information and none, to our knowledge, has concentrated on knowledge of the 
technological steps involved in the treatment process.  In order to assess if knowledge of 
wastewater treatment technology is related to acceptance of wastewater reuse practices, 
we modified a tool developed by Haddad and colleagues (2009). Their tool measured 
knowledge of wastewater treatment by asking respondents what they think happens to 
wastewater when it goes into a water recycling plant and what processes they think are 
used on the wastewater. They provided six numbered lines for respondents to list steps. 
We modified the question by adding a drawing component and assessing not only 
respondents’ knowledge of the current wastewater technology but potential technologies 
that could be employed. This question is particularly suited for comparing knowledge 
across different sites as it assesses respondents’ knowledge of the technological steps 
possible, not of treatment schemes or facts that are particular to a single site. 
Previous studies have taken several different approaches to measuring knowledge 
(e.g. Hanke and Athanasiou 1970; Gibson 2011; Leviston et al. 2006). Those studies that 
have attempted to measure factual knowledge have overwhelmingly demonstrated that 
the general public has a low level of knowledge of wastewater treatment (e.g. Alhumoud 
et al. 2010; Dolničar and Schafer 2009; Kantanoleon et al. 2007). This study also finds 
that most respondents have little knowledge of the treatment processes, especially 
advanced treatment processes, that wastewater undergoes, even in sites where such 
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technology is present and information on the systems is readily available. Additionally, 
while the majority of studies identify a positive relationship between knowledge and 
acceptance of wastewater reuse, only one study was able to link factual knowledge 
(measured by knowledge of the existing alternative water supply projects) with positive 
perceptions of wastewater reuse, specifically, an indirect potable reuse plan (Gibson 
2011). Gibson’s (2011) research was focused on specific plans for water supply 
augmentation, though neither of the plans she examined were scheduled to be 
implemented. However, a large criticism of studies of wastewater reuse acceptance is 
whether public perceptions and likely acceptance can be accurately measured when 
specific implementation plans do not exist and the likelihood of adoption is hypothetical 
(Baumann 1983; Comrie et al. 2003). Such was the case in this study and these 
circumstances may explain the lack of a correlation between knowledge and acceptance. 
To address this challenge, here we apply a very different means to understand 
individual and cultural understandings of wastewater processes: coding of people’s visual 
representations of the technologies. Drawings have been used effectively to assess 
environmental knowledge, primarily with children (e.g. Alerby 2000; Barraza 1999; 
Cronin-Jones 2005; Judson 2011, Köse 2008; Matthews 1985; Shepardson et al. 2007; 
Shepardson et al. 2008; Stokrocki 2000; Vins et al. 2014). Fischer and Young (2007) 
advocate for the use of drawings, citing previous research that in eliciting technical 
terminology, respondents’ insecurities may be limited with written or verbal responses 
(Christie et al. 2006). To interpret the drawings systematically, we also coded the 
accompanying text (Bernard et al. 2016). By asking people to draw in detail, rather than 
describe, how water-water recycling works, we allow people better means to articulate 
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what is a complicated process, and in a way that can be better compared systematically 
from person to person and place to place. By providing few instructions around how 
people should construct their drawings, without making assumptions about the level of 
complexity or types of processes people would derive, so the coding categories could be 
built from the ground up, which can help make codes more reflective of locally-held 
perspectives and knowledge (Bernard et al. 2016). Use of less-language-based elicitation 
techniques also assists with meaningful comparison across diverse field sites.   
 
Field Sites 
Guatemala Site 
Guatemala has an abundance of water with 18 major rivers originating in the 
volcanic highlands. While having adequate water to meet need, there is often concern 
about the quality of water (USACE 2000). In fact, diarrhea, caused by food- and water-
borne illness, is the sixth leading cause of death in the country, and the second leading 
cause of death for children under 5 (Pan American Health Organization 2012). The 
Ministry of Environment and Natural Resources (MARN) was founded in 2000 as the 
primary body responsible for water and environmental management. Recognizing the 
high impact of pollution from wastewater discharges, Governmental Agreement 236-
2006: Regulation for the Wastewater Discharge and Reuse and Sludge Disposition was 
enacted. This law prohibits the use of untreated wastewater for agricultural irrigation and 
treated wastewater for irrigation of crops consumed raw (Jiménez 2008). While this 
addresses some of the issues, the lack of sanitation services remains a problem with only  
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49% of the rural population having access to improved sanitation facilities as of 2015 
(WHO/UNICEF 2015).  
Acatenango is a semi-rural town of approximately 8,000 people. It is located in 
the central Highlands, approximately fifteen miles southwest of Chimaltenango, the 
capital of the district. The town is named for the nearby volcano, which at 3,500 meters, 
is the one of the largest, active volcanoes in Guatemala. The ash from the volcano helps 
to provide fertile soil for many crops, though most of the surrounding land is now used 
for coffee production. This is following a regional trend which has led to increased water 
use and concern over allocation (Conroy et al. 1996). As is common in rural Guatemala, 
piped water is not abundant, service is spotty, and treatment is often not adequate. The 
town is first on the El Caracol river meaning that there is little de facto wastewater reuse 
though many residents use the river for dumping downstream. There is no treatment of 
wastewater in Acatenango. 
Fiji Site 
The Republic of Fiji is comprised of over 300 islands, of which Viti Levu is the 
largest, most populated, and most developed (Weber 2007). Viti Levu is also home to Fiji 
Water, an American national corporation that was founded in 1996 and is the second 
most imported bottled water brand in the U.S. (Connell 2006; Royte 2008). Despite 
marketing strategies of Fiji Water that imply a bountiful supply of clean water on the 
island (Kaplan 2007), many rural parts of the country do not have quality water systems 
and the urban water infrastructure is under increasing pressure due to rapid urbanization 
(Weber 2007). Until 2007, the national Water and Sewerage Department managed water 
and sewerage systems. Regulatory responsibility for sewerage now rests with the 
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Department of Environment, however there are no formal regulations for effluent 
standards (Asian Development Bank 2013). The Water Authority of Fiji was established 
in 2007 to deal with the provisioning of water and wastewater services. The Water 
Authority was fully corporatized by 2010. The corporatization of water services (as well 
as the privatization of water through Fiji Water) has been met with much resistance from 
groups concerned about people being priced out of water access, the lack of 
representation of public-sector interests, and indigenous rights to water.  
The data used in this study were collected in an indigenous village on the south 
coast, or Coral Coast, of Viti Levu. The village, with a population of approximately 300 
people, oversees its own water services as a common-pool resource.  Until recently, the 
village, like many along the Coral Coast, saw a number of water-related illnesses and 
deteriorating coastal water quality, threating reefs and fisheries, due to the discharge of 
raw wastewater with human and animal feces. To combat this contamination, local 
villagers worked with a number of different organizations, including the New Zealand 
Institute of Water and Atmospheric Research (NIWA) and the University of the South 
Pacific’s Institute of Applied Science, to construct and maintain their own water and 
wastewater infrastructure. While a number of development projects in Fiji have failed or 
met with resistance, the highly collaborative nature of this project resulted in a successful 
project that is now proudly operated by the villagers. 
The design phase of the project started in 2006 and in 2010, a fully operational 
water supply and sewerage system came on board. All households in the village now 
have access to piped water which is drawn from an upstream dam and supplemented with 
rainwater.  All households are also connected to the sewerage system. This system deals 
  90 
separately with black water (i.e. toilet waste) and grey water (e.g. kitchen and shower 
water). Black water makes up about 20% of wastewater in the village. It is initially 
pumped into septic tanks. After settling, the water is sent to a wetland treatment system in 
the valley behind the village. This water helps support village gardens that produce Bird 
of Paradise flowers for commerce. Grey water is treated through a system of coconut 
husk, gravel, and sand filters before use in the village gardens.  
New Zealand Site 
Wastewater is overseen at a national level in New Zealand by the Ministry for the 
Environment (MENZ). The MENZ New Zealand Waste Strategy, released in 2002, 
provides an overarching plan for the management of wastewater services, including 
targets for the improvement or closure of substandard wastewater treatment plants by 
2020 (OECD 2011).Wellington, located at the southern end of the North Island, is the 
capital city of New Zealand and has approximately 500,000 residents in its metropolitan 
area. While now up to code on all aspects of wastewater treatment, was one of the last 
major cities in New Zealand to adopt a sewerage system, resisting implementation as 
required under the Public Health Act of 1872 until sanitary concerns became so great that 
a system to pipe wastewater into the ocean was devised in 1890 (Wellington City Council 
2016).  
At the time that interviews were conducted, water management in Wellington was 
undergoing a number of changes. Traditionally, wastewater treatment has been handled 
overseen by city councils in New Zealand but in 2004, the Hutt and Wellington City 
Councils came together to form Capacity Infrastructure Services to manage water, 
stormwater, and wastewater. Capacity expanded in December 2013 to include the Upper 
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Hutt and Porirua City Councils as shareholders (Wellington Water 2016). This merger 
brought together the management of the four wastewater treatment plants in the area: 
Moa Point, Porirua, Western, and Seaview. Moa Point and Western were initially 
commissioned by the Wellington City Council, in 1997 and 1998 respectively. Porirua 
was built in 1990 by the Porirua City Council and Seaview was established in 1999 by 
the Hutt City Council. Combined these plants treat approximately 140 million liters of 
wastewater a day (Wellington Water 2015). Each plant practices secondary level 
treatment with the resulting water being discharged into the ocean.  
Another major event affecting water occurred just prior to the data collection. In 
mid-March, the federal government declared a drought across the entirety of the North 
Island. The water shortage in the Wellington area was a result not only of this drought, 
but also because an earthquake that put two storage lakes out of commission. Wellington 
is located in an area particularly vulnerable to earthquakes. These earthquakes threaten 
many municipal services, especially water provisioning and wastewater removal (Zare 
and Wilkinson 2010),   As a result of these issues, the Wellington City Council banned all 
outdoor water use for four weeks.  
Spain Site 
Madrid, with a population of almost 3.2 million, is both the capital and the largest 
city of Spain. Figuring out how to access water has always presented a challenge for the 
city of Madrid as it is the only major European capital that is not located in close 
proximity to a local river. An insufficient water supply, public health concerns, and 
unsuccessful management by private contractors provoked the involvement of the state 
government. In 1851, by Royal Decree of Queen Isabel II, the government agreed to 
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sponsor the creation of a channel that would redirect water from the Lozoya River, over 
70 kilometers north of the city, to Madrid. A public company, Canal de Isabel II (CYII), 
made up of the State, the municipality, and private shareholders, was created to build and 
operate the supply. This company was subsumed within the Ministry of Public Works in 
1867 but, facing financial difficulties in 1907, CYII became an autonomous body within 
the Ministry of Public Works. By Royal Decree in 1977, CYII became a publicly-owned 
enterprise and has been responsible for the integrated water cycle management of 
Autonomous Community of Madrid (CAM) since 1984 (Ortega de Miguel and Mulas 
2007). Construction of the first wastewater treatment plants began in 1985. 1985 also 
marked the year that the Spanish government first recognized treated wastewater reuse as 
a possibility (Law 29/1985, BOE n.189, 08/08/85 Royal Decree 2473/1985) though no 
formal legislation followed. 
The European Union Council Directive 91/271/EEC concerning urban waste-
water treatment resulted in the Spanish National Sanitation and Purification Plan (NSPP) 
which was succeeded by the National Plan for Water Quality, Sanitation and Purification 
(NPWQSP). NPWQSP ensures compliance with requirements of Directive 91/271/EEC 
that have not yet been met, as well as recommendations of the EU’s Water Framework 
Directive (2000/60/EC). The Water Act (Royal Decree 1/2001) as well as Royal Decree 
1620/2007 establish the legal framework for treated wastewater reuse and approve 14 
uses within five general categories: urban (e.g. garden and green space watering, 
firefighting, car washes), agricultural (e.g. irrigation), industrial (e.g. cleaning and 
refrigeration), recreation (e.g. golf course irrigation and ornamental ponds), and 
environment (e.g. aquifer recharge and forest irrigation). As of 2007, approximately 10% 
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of treated wastewater is reused with 71% of that volume used for agricultural purposes, 
17.7% for environmental, 7.1% for recreation, 4.0% for urban, and 0.3% for industrial 
(Iglesias et al. 2010).  
In Madrid, as of 2005, with the implementation of the Madrid Wastewater 
Treatment Plan, CYII operates all large treatment plants. This plan is the largest reuse 
scheme in Europe and is expected to produce 70 million m
3
 of treated wastewater for 
reuse each year. This is estimated to save 9 million m
3
 of drinking water per year. (Deza 
and Martinez 2013) At the time of the interviews, there were 154 wastewater treatment 
plants, 26 of which provide tertiary treatment (i.e. a combination of biological and 
physical-chemical treatments, including UV disinfection, to remove additional 
contaminants). Water from these facilities is used in the irrigation of parks, street 
cleaning, and car washing within the metropolitan area (Canal de Isabel II Gestión 2012). 
 
Data Collection 
Data were collected with adult, permanent residents in face-to-face semi-
structured interviews. A non-probabilistic, purposive sampling strategy was employed 
(Bernard et al. 2016) targeting people in public spaces with the rationale that such 
sampling should be able to detect shared cultural understandings (Handwerker and 
Wozniak 1997). Interviews were conducted in the respondents’ language: Spanish in 
Guatemala and Spain and English in New Zealand and Fiji, with Fijian translators as 
needed. Two hundred eighty three interviews were conducted across the four field sites: 
63 in Guatemala, 77 in Fiji, 64 in New Zealand, and 79 in Spain. The study was reviewed 
and approved under Arizona State University IRB #0804002902.  
  94 
The interview protocol was originally written in English and pre-tested with 
native English-speakers. For deployment in Spanish speaking sites, the protocol was 
translated and back-translated by two bilingual English/Spanish speakers. The protocol 
was designed to assess acceptance of treated wastewater, technical knowledge of 
wastewater treatment, and basic socio-demographics. We assess acceptance of treated 
wastewater through two questions: (a) What is an acceptable amount (%) of treated 
wastewater in your tap water? and (b) How disgusted would you feel (on a scale from 
“Not at all disgusted” (-3) to “Completely disgusted” (3)) if you had to use treated 
wastewater as drinking water for yourself and your family?  This latter question is also 
adopted and modified from Haddad and colleagues (2009).  
We modified the approach used by Haddad and colleagues (2009) to assess 
respondents’ technical knowledge of wastewater treatment technologies by adding a 
drawing component. Respondents were told “Imagine that wastewater will be processed 
and then delivered again to people’s taps for drinking. Please draw or depict the treatment 
path that you think wastewater should take so that it can become drinkable again. (It’s ok 
if you don’t know much about this, but we want to understand what you THINK should 
happen).” Respondents were then told “Please specify and label the steps in this process, 
in order, from wastewater to drinking water.” This allowed us to interpret the drawings as 
the respondent intended (Alerby 2000). 
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Data Analysis 
We analyzed 211 diagrams
3
 using visual content analysis (Krippendorff 2012): 33 
from Guatemala, 65 from Fiji, 58 from New Zealand, and 55 from Spain. This sample 
size exceeds the minimum guidelines established for identifying themes in qualitative 
research (Guest et al. 2006; Bernard et al. 2016). Twenty-six codes were created within 
four domains: treatment type, source, treatment technology, and reuse (Table 2). 
Treatment type codes are structural codes used to distinguish between respondents who 
depicted wastewater or combined water and wastewater treatment systems and those who 
drew water treatment systems or did not draw treatment at all (often these were 
depictions of the water cycle). Another treatment type code corresponds to those 
drawings that depicted treatment, but it was unclear from the drawing or the 
accompanying text whether water or wastewater treatment was being depicted. Treatment 
type codes are mutually exclusive. Source codes describe the source of the wastewater 
and are not mutually exclusive. Treatment technology codes cover the range of 
technological steps that respondents depicted and are not mutually exclusive. Reuse 
codes distinguish between scenarios where wastewater is depicted as being reused for 
human consumption and where it is being used for non-potable uses such as irrigation. 
These codes are not mutually exclusive.  
Code definitions were developed through an iterative process of revision and 
inter-rater reliability testing (MacQueen et al. 1998) of 10% subsamples from each site to 
ensure code validity and reliability within each context (Bernard et al. 2016). Inter-rater 
reliability of high frequency codes was determined using Cohen’s kappa (≥0.64) while 
                                                 
3
 14 respondents provided no visual representation and only text. They were included in the sample and 
will be referred to as drawings. 
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inter-rater reliability of low frequency codes was determined using percent agreement 
(88.1%) (Landis and Koch 1977) (Table 2). Each drawing was coded twice by trained 
student coders who were instructed to code both the drawings and the accompanying text. 
Coders were provided a definition, inclusion criteria, and exclusion criteria, as well as 
typical and atypical exemplars (MacQueen et al. 1998). An expert coder (Stotts) resolved 
all coding disagreements ensuring few errors in the dataset.   
We then conducted qualitative analysis of the coded data, exploring the range of 
knowledge of wastewater treatment technology that respondents felt should be present in 
order to make wastewater drinkable again. In the results, we describe the ethnographic 
context of wastewater and the patterning in treatment drawings in each site and provide 
an exemplar drawing. We also identify trends across sites and explore the relationship 
between the level of technological treatment present within the site to the knowledge of 
treatment presented in the drawings. We then tested the relationship between knowledge 
and acceptance of treated wastewater as measured by percentage of wastewater perceived 
acceptable in tap water supply and level of disgust with consuming treated wastewater. In 
order to compare level of technical knowledge across sites, knowledge of treatment was 
quantified as the number of treatment types depicted (possible scores ranged from 0-16; 
actual scores ranged from 0-6). This variable was normally distributed; however, the 
acceptance data was not normally distributed so a Spearman Rank Order Correlation 
determined if respondents with a high level of knowledge have higher levels of 
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acceptance of wastewater reuse. The correlation tests were run with all drawings as one 
sample as well as by site.
4
  
 
Results 
Guatemala  
The lack of wastewater treatment in Acatenango likely affected the knowledge of 
respondents of types of treatment technologies depicted. Of the 33 respondents who 
provided an answer to our question (52% of all respondents), only four (12%) actually 
drew wastewater treatment. All four drawings depicted a residential source of the 
wastewater, potable reuse, and multiple levels of filtration. Two of the respondents 
thought that the wastewater should go through an environmental buffer (supply dam) 
prior to any other treatment and one respondent said that it should be treated with 
chemicals, which was the highest level of treatment depicted. None of the advanced 
treatments such as reserve osmosis or ultraviolet treatment were depicted and none of the 
respondents suggested that the water should be tested prior to reuse. Figure 1 is an 
example of a typical drawing from Guatemala. 
Fiji  
Thirty respondents in Fiji drew wastewater treatment (46% of drawings; 40% of 
all respondents), 25 of which actually showed reuse (23 being potable reuse).  Fifteen 
(50%) respondents showed residences as the source of the wastewater while 13 drawings 
did not indicate the source of the water. Due to the high level of involvement of the 
community in the development of their water and wastewater systems, there appeared to 
                                                 
4 With the exception of Guatemala for acceptable amount of treated water in tap water as only two of the 
four respondents provided an answer to this question. 
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be a high level of understanding of their technological steps in their current system. 
Almost 50% (14) of respondents drew the current system with modifications (either 
adding additional steps or just suggesting that the water from the wetlands be pumped 
back to houses) while another three drew the existing wastewater system without reuse. 
Environmental buffers, in the form of wetlands, were the most common treatment step, 
followed by filtration (40% of drawings). Similarly to Guatemala, none of the high level 
technological steps were drawn in Fiji. Five of the respondents did draw chemical 
disinfection, all in the form of the addition of chlorine. Three respondents also drew an 
image which shows treatment but does not fit into any of the treatment codes. Only one 
respondent included testing. This respondent did not name other treatment steps, only 
saying the water should go to a “cleansing tank” which did not fit any of the codes. 
Additionally, four respondents merely showed the water going to a water treatment plant 
without explaining any of the steps that would take place within the plant. Figure 2 is an 
example of a typical drawing from Fiji. 
New Zealand  
Of the 58 drawings completed by respondents in New Zealand (91% of those 
interviewed), 40 depicted wastewater treatment. Of these, 24 depicted a residential source 
for the wastewater while 16 did not indicate a source. All 40 of the drawings showed 
reuse of the treated wastewater: 90% depicted potable reuse and 12.5% showed non-
potable reuse. Thirteen respondents drew an image that was labeled only “treatment 
plant,” “treated” or something similar with no specific treatment technologies. The most 
common treatment technology named was filtration (19 images) and followed by 
chemical disinfection (6 images) and environmental buffer (6 images). Two of 
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respondents who depicted chemical disinfection showed the addition of chlorine, one 
labeled a step as “bleaching” and the remaining three directly stated “chemicals.” 
Environmental buffers are not currently part of the wastewater treatment process in 
Wellington. Advanced treatment steps such as aeration and ultraviolet disinfection, which 
are a part of the treatment process in Wellington, were not depicted in any the drawings. 
One respondent did draw ozone disinfection, which is uncommon in New Zealand 
(NZWERF 2002). Four respondents drew testing as part of the wastewater treatment and 
reuse process. Figure 3 is an example of a typical drawing from New Zealand. 
Spain 
Forty-four percent of respondents in Madrid who provided a drawing (30% of all 
respondents) provided a depiction of wastewater treatment (n=24). Twenty of these 
specifically showed reuse (75% potable reuse, 25% non-potable reuse). Ten drawings 
depict the source of wastewater as residences and 13 showed no source. Madrid is unique 
as a site as it is the only location where respondents depicted industrial sources of 
wastewater. Two of the drawings clearly showed factories and one of these said that the 
water could only be reused for industrial purposes. The other three drawings labeled 
“businesses” as a source of the water. Four respondents drew an image that they labeled 
with “treatment plant” or “treatment,” thus they depicted treatment, but not any of the 
treatment technologies we coded for. 
Similarly to the other sites, filtration was the most commonly depicted treatment 
technology, as 50% of respondents included it. One-third (n=8) of respondents drew 
purification and seven respondents drew both chemical disinfection and environmental 
buffers. Two of the chemical disinfection drawings specifically named chlorine while the 
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rest said “chemicals.” The environmental buffers were varied with three depicting lakes, 
two showing rivers, and one each having a dam and a reservoir.  Additionally, three 
respondents listed “treated” or “treatment” as a step while one showed the water traveling 
to a treatment plant without listing any technical steps that would take place at the plant. 
Advanced treatments were rarely drawn though processes like aeration and ozonation are 
practiced in all wastewater treatment plants in Madrid. Additionally, ultraviolet 
disinfection, which occurs in all tertiary treatment plants in Madrid, is only depicted in 
one drawing. Testing was depicted more often in Spain than in any of the other sites; one-
third of respondents included testing. Figure 4 is an example of a typical drawing from 
Spain. 
Cross-cultural Patterns 
Figure 5 presents a two-mode network diagram showing the links between sites 
and wastewater treatment processes depicted. Each site is connected to the treatment 
processes drawn by respondents within that site and the width of the tie is weighted by 
the proportion of drawings where that treatment code is present in each site. There are 
similar patterns between Guatemala and Fiji, although Fiji had singular drawings that had 
testing, boiling, and distillation, processes not depicted in Guatemala. Spain and New 
Zealand differ from each other and from the developing sites. Advanced treatment 
technologies were depicted with low frequency in the developed sites and not at all in the 
developing sites and there was no overlap in the advanced treatments depicted in New 
Zealand versus Spain.  
Across all sites, filtration was the most commonly depicted treatment technology, 
appearing in 48% of all drawings. Filtration can vary widely in terms of the size of 
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materials that can be removed and in fact, reverse osmosis is actually the highest level of 
membrane filtration (hyperfiltration), removing particles larger than 0.1 nanometer 
(SDWF 2016). However, given the context of filtration within the drawings and the 
general lack of other advanced treatment technologies being depicted, we feel it is 
unlikely that respondents were attempting to draw advanced membrane filtration options, 
especially in the lower technology sites (Guatemala and Fiji) where no high advanced 
technologies were depicted. Given that these advanced technologies do not exist within 
these field sites, it is not surprising that respondents are unaware of the possibilities of 
wastewater treatment. However, advanced technologies are rarely depicted in the sites 
even where these technologies are employed. This suggests that despite the type of 
wastewater treatment actually employed at each site, there is a low level of knowledge of 
technological options.  
Testing of the treated wastewater before reuse presents another interesting pattern. 
Only one respondent in the developing sites (Guatemala and Fiji) drew testing as part of 
the treatment process. This respondent, a 49 year old woman in Fiji, had only lived in the 
village for 6 months which may explain the differences in her depiction compared to 
others in the village. However, given that a large proportion of the respondents were able 
to depict a process similar to their current wastewater scheme, and that in the 
development of the water system, villagers were taught how to perform water quality 
monitoring, it was surprising that water testing was not commonly depicted in the Fijian 
drawings. In the developed sites (New Zealand and Spain), 10% and 33% respectively of 
respondents drew testing as part of the treatment process. While this obviously does not 
present a majority of drawings, it is the third most drawn process in New Zealand and the 
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second most drawn process in Spain. This may be related to different levels of concern 
with the health risks of wastewater reuse, a factor which should be explored more in 
future analysis. 
Knowledge and Acceptance 
To assess the relationship between knowledge of wastewater treatment and 
acceptability of reuse, we performed a Spearman rank order correlation between 
knowledge of wastewater treatment (as measured by number of treatment types depicted) 
and two measures of acceptability of wastewater reuse: acceptable amount (%) of treated 
wastewater in tap water and level of disgust with reusing treated wastewater as drinking 
water. We chose the Spearman rank order correlation due to the non-normal distribution 
of the number of treatment types depicted. There was no relationship between the 
variables (Table 3).   
 
Discussion and Conclusion 
Why doesn’t technological knowledge seem to shape acceptability? The low level 
of factual knowledge of wastewater treatment processes has been argued to be the source 
of controversy in the implementation of reuse projects (Conway et al. 1998; Moore and 
Chapman 2003).  However, the majority of studies that have identified a relationship 
between knowledge and acceptance have relied on self-reported knowledge and the 
results presented here, as well as the other studies of factual knowledge, indicate that 
there may be an intervening factor in the relationship between knowledge and 
acceptance. One possibility is the failure to distinguish between knowledge of wastewater 
treatment and knowledge of the benefits of wastewater treatment. Several studies of 
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wastewater knowledge conflated these knowledge types (Dolničar and Schafer 2009; 
Alhumoud and Madzikanda 2010) and none of the studies of self-reported knowledge 
distinguish between types when asking respondents to estimate their level of knowledge. 
If the issue is that respondents reporting high levels of knowledge actually possess 
knowledge of the benefits of wastewater reuse and not the technological processes of 
treatment, this suggests that campaigns to increase public acceptance should focus on 
benefits rather than technical knowledge. However, as noted earlier, Law (2003) and 
Dolničar and colleagues (2010) argue that the failure of previous campaigns to change 
public opinion has been the lack of focus on factual information and the overemphasis on 
persuasive campaigns. Focusing campaigns on the benefits of wastewater reuse, while 
factual in nature, are likely to appear as persuasive in nature and thus, may face some of 
the same roadblocks as have previous campaigns. Additionally, the lack of knowledge of 
water treatment technology has been argued to be a source of inequalities of power and 
water insecurity (Eichelberger 2012; Johnston 2005; Whiteford and Cortez-Lara 2005).  
A likely intervening factor between knowledge and acceptance is trust in the 
source of the information or in the water provider (Hurlimann and McKay 2004). Future 
studies should assess the relationship between self-reported level of knowledge and 
actual knowledge of wastewater reuse, distinguishing and comparing between knowledge 
of the process and knowledge of the benefits. Such studies should also include an 
analysis of trust, in the source of the information, the technology, and the body 
overseeing the wastewater reuse scheme. Such studies would benefit from the cross-
cultural approach adopted here, especially as wastewater reuse becomes a more globally 
discussed topic. By examining perceptions of and factors affecting acceptance of 
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wastewater reuse in different cultural contexts, particularly comparing developing and 
developed perspectives, we will be able to develop a better understanding of the issues 
that are site-specific versus those that are universal. Such information would allow for 
better water management strategies in wastewater reclamation and reuse projects.   
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Tables and Figures 
 
Table 4-1. Site Characteristics 
  
Acatenango, 
Guatemala 
Viti Levu, 
Fiji 
Wellington, 
New 
Zealand 
Madrid, 
Spain 
NATIONAL DATA         
National GDP per 
capita (in US $)
5
 
$3,432  $4,766  $42,308  $29,371  
Nat'l poverty rate 
(%)
6
 
54% (2011 
est.) 
31% (2009 
est.) 
15% 
21.1% 
(2012 est.) 
Nat'l life expectancy, 
total (in yrs); past 4 
yr. trajectory
7
 
71 70 81 82 
Renewable internal 
freshwater resources 
per capita (cubic 
meters) 2011-2015
8
 
6818 32207 74182 2393 
Water Availability 
Index (2006) 
m3/capita-yr.
9
 
8,618 33,431 80,482 2,570 
Water Intensity Use 
Index (2000) %
10
 
1.8 0.2 0.6 32.0 
Water Quality 
Index
11
 
82.0 83.5 99.4 81.8 
Wastewater 
generated 
(km3/yr.)
12
 
0.365 (1999) ND ND 
5.204 
(2007) 
Wastewater treated 
(km3/yr.)
13
 
0.006 (1994) ND 0.548 (2012) 
4.570 
(2007) 
Treated wastewater 
used (km3/yr.)
14
 
0.0005 
(2008) 
ND ND 
0.487 
(2007) 
  
                                                 
5
 World Bank 2016a 
6
 Guatemala, Fiji, and Spain data are CIA 2016; New Zealand data are from New Zealand Parliament 2011. 
7
 World Bank 2016b 
8
 World Bank 2016c 
9
 Jiménez and Asano 2008 
10
 Jiménez and Asano 2008 
11
 Srebotnjak et al. 2012 
12
 Sato et al. 2013 
13
 Sato et al. 2013 
14
 Sato et al. 2013 
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Total deaths 
attributable to water, 
sanitation, and 
hygiene (%) 
(2002)
15
 
2.0 3.4 0.2 0.2 
Total disability-
adjusted life years 
attributable to water, 
sanitation, and 
hygiene (%) 
(2002)
16
 
9.4 3.6 ND 0.4 
SITE-SPECIFIC 
DATA 
        
Population (approx. 
rounded) 
8,000 300 500,000 3,200,000 
Research site 
rurality 
Semi-rural Semi-rural Urban Urban 
Type of wastewater 
treatment 
None 
Settling, 
filtration, 
wetlands 
Screening, 
extended 
aeration, 
clarification, 
UV 
disinfection 
Mixers, 
skimming, 
settling, 
biological 
treatment, 
clarification, 
filtration, 
disinfection 
(chemical 
and UV), 
micro- and 
ultrafiltratio
n, reverse 
osmosis 
Wastewater reuse 
purpose 
None 
Village 
gardens 
None 
Irrigation of 
public green 
spaces 
 
  
                                                 
15
 Prüss-Üstün et al. 2008 
16
 Prüss-Üstün et al. 2008 
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Table 4-2. Codes, Definitions, and Inter-rater Reliability 
Code Brief Definition 
Percent 
Agreement 
Cohen's 
Kappa 
Structural Codes 
Treatment Type (mutually exclusive) 
Water 
Treatment 
Only 
Treatment of water that comes 
directly from a “natural” source such 
as a lake, river, stream, or 
groundwater.  
97.56 0.90 
Wastewater 
Treatment 
Only 
Treatment of sewage or “used” 
water. 
90.24 0.81 
Combined 
Water and 
Wastewater 
Treatment 
Treatment of water that comes from 
a “natural” source, as well as 
treatment of “used” water. These 
treatments may not occur 
simultaneously but both water 
sources must be treated at some 
point in the treatment process. 
95.12 0.64 
Uncodeable 
Treatment 
Water is depicted as being treated, 
but the type of water ("natural" vs. 
"used") is unclear. 
90.24 0.74 
No Treatment 
No treatment of any water source is 
depicted. 
95.12 0.73 
Thematic Codes 
Source (not mutually exclusive) 
Residential 
Depictions of the wastewater 
coming from a residential source or 
as a result of direct human use. 
97.62 0.94 
Industrial 
Depictions of wastewater coming 
from and industrial or manufacturing 
source. 
100.00 1.00 
General 
Wastewater treatment is shown, but 
the image has no source for the 
wastewater. 
85.71 0.72 
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Treatment Technology (not mutually exclusive) 
Aeration 
A process by which water is treated, 
either by natural or mechanical 
means, to increase the oxygen level. 
100.00 - 
Boiling 
Water is heated to the point of 
boiling. The water in the heat 
resistant container is used. This is 
not the collection of evaporated 
steam. 
100.00 1.00 
Chemical 
Additive 
Chemicals can be added to the water 
not for sterilization or purification 
purposes, but to enhance the benefits 
of the water for human consumption 
100.00 1.00 
Chemical 
Disinfection 
Chemicals may be added to 
wastewater for the purpose of 
disinfection to remove harmful 
organics and pathogens that may 
cause bacterial, viral, or parasitic 
diseases. A common chemical 
additives is chlorine. 
92.86 0.80 
Desalinization 
Refers to several processes used to 
remove salt and other minerals from 
salt water. 
100.00 1.00 
Distillation 
A process where water is heat 
treated and the resulting steam is 
collected as it condenses back into 
liquid form. 
95.23 1.79 
Environmental 
Buffer 
Wastewater is placed into streams, 
lakes, wetlands, or groundwater 
prior to treatment or being used. 
95.12 0.83 
Filtration 
A physical process used to separate 
solids from fluid by making the fluid 
pass through something  through 
which the solids cannot pass.  
97.62 0.95 
Mixed Water 
Wastewater is mixed with water 
from another non-natural source 
prior to being delivered to homes. 
Unlike environmental buffer, this 
does not happen in nature. 
100.00 1.00 
Ozonation 
Ozone (O3) is an unstable gas that 
serves as both an oxidant and 
virucide when dissolved in water. 
100.00 1.00 
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Purification 
While technically water purification 
is any process that removes 
chemicals, biological contaminants, 
solids, or gases from water, this code 
is limited only to steps that are 
explicitly labeled as purification. 
97.62 0.92 
Reverse 
Osmosis 
Pressure is applied to overcome 
osmotic pressure so that water can 
pass a semipermeable membrane 
that large molecules and ions cannot. 
100.00 1.00 
Sedimentation 
Sedimentation is the process by 
which suspended solids settle out of 
the fluid, often due to gravity. 
100.00 1.00 
Sterilization 
Sterilization is technically another 
term for disinfection that may occur 
using chemical or thermal treatment 
methods, however, this code is 
limited only to statements that 
explicitly discuss sterilization as a 
step. 
100.00 1.00 
Testing 
Water testing includes checking for 
water quality or suitable use; this 
may include checking for 
temperature, pH balance, pollutants, 
bacteria, inorganic chemicals, etc. 
97.62 0.84 
Ultraviolet 
(UV) 
Treatment 
UV radiation, produced by UV 
lamps, penetrates microorganisms' 
(bacteria, spores, molds, viruses) 
cell walls to disrupt the DNA and 
inactivate the microorganism.  
100.00 1.00 
Reuse (not mutually exclusive) 
Potable Reuse 
Wastewater is delivered to homes 
for human consumption. 
95.24 0.90 
Non-potable 
Reuse 
Wastewater is delivered for 
irrigation or other nonconsumptive 
uses. 
97.62 0.84 
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Table 4-3. Spearman’s Rank Order Correlation 
    Rho Significance N 
Knowledge (# of steps) x % 
Acceptable 
Guatemala - - 2 
Fiji 0.099 0.615 28 
New 
Zealand -0.176 0.277 40 
Spain -0.173 0.452 21 
All 
countries -0.116 0.272 91 
          
Knowledge (# of steps) x 
Level of disgust 
Guatemala -0.707 0.293 4 
Fiji -0.126 0.514 29 
New 
Zealand 0.244 0.128 40 
Spain -0.018 0.933 24 
All 
countries 0.073 0.477 97 
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Figure 4-1. Guatemala exemplar drawing. 
 
Figure 4-2. Fiji exemplar drawing. 
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Figure 4-3. New Zealand exemplar drawing. 
 
Figure 4-4. Spain exemplar drawing. 
 
 
 
  123 
Figure 4-5. Two-mode network diagram. Ties represent the presence of treatment code 
within drawing(s) at each site. Tie width is weighted by the proportion of drawings where 
that treatment type is present.
17
 
  
                                                 
17 An earlier version of this visualization can be found in Bernard et al. (2016). 
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CHAPTER 5 
MOTIVATORS FOR TREATED WASTEWATER ACCEPTANCE ACROSS 
DEVELOPED AND DEVELOPING CONTEXTS* 
*This chapter is in preparation for submission to Journal of Water, Sanitation and 
Hygiene for Development, in collaboration with Jacelyn Rice, Amber Wutich, Dave 
White, Jonathan Maupin, and Alexandra Brewis. 
 
Abstract  
As water scarcity increases, we must turn to underutilized sources such as treated 
wastewater. While work has been done on barriers to public acceptance, less work has 
been undertaken to explore motivations that may incentivize adoption of this potential 
water source.  Using data collected from respondents in four global sites (in Guatemala, 
Fiji, New Zealand, and Spain), we (1) analyzed how four motivators (cost, ecological 
conservation, and current and future water shortages) influenced respondents’ willingness 
to use treated wastewater and (2) examined if respondents’ willingness varied across 
contexts based on the level of wastewater treatment available. Despite a focus in previous 
research on the role of reducing cost and or providing economic incentives for 
wastewater reuse adoption, reducing cost was broadly the least motivating factor while 
ecological conservation and future water shortages were the two strongest motivators 
across all four sites. Additionally, respondents in sites with low levels of wastewater 
technology were more likely to express a willingness to use treated wastewater given any 
motivator.  
 
Keywords (up to 6 keywords, in alphabetical order) acceptability, motivation, treated 
wastewater, water reuse, willingness to use 
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1.0 Introduction 
Global demand for fresh water is only expecting to continue to increase but the 
supply of fresh water will not keep pace with demand in the absence of more effective 
water resource management (UN 2014).  The central challenges of safe and reliable water 
resources are at the forefront of public health concerns.  The use of treated wastewater to 
augment surface and groundwater resources can help to meet increasing global demand 
(Gleick 2000).  For many developing countries, expanding the water resource portfolio to 
include treated wastewater will also improve public health outcomes by enhancing 
wastewater management practices (Qadir et al. 2010).  It is estimated that two million 
tons of untreated wastewater (municipal, industrial and agricultural) are discharged into 
the world’s waterways everyday (Corcoran et al. 2010).  Wastewater reuse offers both a 
potentially sustainable pathway for world water development and an opportunity to 
improve water quality (Levine & Asano 2004). 
To improve water quality, water security, and public health, planned water reuse 
strategies are increasingly being developed as a central component of water resource 
management.  Wastewater reuse involves the treatment of domestic, industrial, and 
agricultural wastewater to replenish freshwater resources.  There are a variety of 
wastewater treatment technologies available to achieve recycled water of acceptable 
quality, which is often superior to existing potable water standards (Bixio et al. 2005; 
Asano et al. 2007). In spite of this, the implementation of wastewater reuse schemes is 
often met with public resistance (e.g. DeSena 1999; Hurlimann & Dolničar 2010).   
To understand this public resistance, a large number of studies have examined the 
role that factors such as water source (e.g. Jeffrey 2002; Nancarrow et al. 2002), intended 
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use (e.g. Bruvold 1988; Jeffrey 2002), risk perception (e.g. Sydney Water 1999; Baggett 
et al. 2006), disgust (e.g. Po et al. 2003; Haddad et al. 2009), trust (e.g. Baumann and 
Kasperson 1974; Ormerod and Scott 2012), and economic incentives (e.g. Marks et al. 
2002; Dupont 2013) can have in hindering or facilitating public perception and 
acceptance of wastewater reuse. Across these studies, several important findings have 
emerged: (a) the public perception and acceptance of treated wastewater reuse is 
primarily hampered by feelings of disgust that the source is unclean and concern over 
public health risks, (b) people are generally more willing to accepted treated wastewater 
reuse as long as it is used for non-potable purposes, i.e. the degree of human contact is 
limited, and (c) public acceptance of treated wastewater reuse is highly dependent on the 
respondents’ level of trust in water managers, researchers, and government officials.  
To date most studies of wastewater reuse acceptance have been performed in a 
single setting within a developed context. What comparative studies exist largely focus 
on comparing sites within a single country (e.g. Haddad et al. 2009; Marks et al. 2008) or 
across developed countries (e.g. Marks 2006). However, the need for comparative studies 
and research in other parts of the world in order to increase our understanding and 
structuring a more generalized theory around perceptions of wastewater reuse, has been 
recognized (Dolničar and Saunders 2006). One of the only variables that has been 
identified as a factor across regions is that respondents in areas experiencing water 
shortages usually display a greater level of acceptance of wastewater reuse (Dishman et 
al. 1989; Po et al. 2003; Hartley 2006). However, we might also expect differences across 
sites according to the level of wastewater technology, which is often closely tied to 
development status.  
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In addition to lacking comparative studies, relatively few studies have examined 
reasons or motivations for supporting or opposing water reuse.  Bruvold’s (1979) classic 
study is one of the few examples; he found that respondents in California preferred uses 
of reclaimed wastewater that they perceived to conserve water, enhance the environment, 
protect health, and keep down treatment and distribution costs. A major finding in 
Bruvold’s (1979) study was that public favorability towards reuse options did not 
decrease with greater degree of human contact with the water, but that this relationship 
was dependent on whether or not there was a specific plan for wastewater reuse in place 
within the respondents’ community.  Numerous studies have followed up on this research 
on the role of the intended use and degree of contact with the treated wastewater (e.g. 
Bruvold 1988; Jeffrey 2002), however, Bruvold’s findings for why respondents favored 
certain reuse strategies has received little follow-up. Of the five factors that Bruvold 
identified (conservation, environment, health, and treatment and distribution cost), only 
cost has received significant study. Studies of cost have shown that, generally, consumers 
expect compensation when treated wastewater is used to augment the potable water 
supply but that they are willing to pay to use treated wastewater for non-potable purposes 
(Blamey et al. 1999; Gibson and Burton 2011).  
While economic benefits and incentives are likely an important motivator for 
individuals, research on financial incentives has shown that environmental behavior is not 
always economically rational (Kollmuss & Agyeman 2002). Some research has indicated 
that pro-environmental behavior may stop if there was an economic motive that 
disappears (Pardini and Katzev 1984; Curlee 1986) and in a literature review on the 
effectiveness of incentives, Stern (1999) determined that there are multiple motives 
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affecting pro-environmental behavior and that monetary incentives are really only 
effective when people are inspired by other motives to seek out information that tells 
them that the incentive is available. The need for multiple motives has been recognized; 
in his framework of five principles that water managers should use to engage the public 
in discussions of wastewater reuse, Hartley (2003) argues that individuals need multiple 
motives, including benefits for the self and for the community, in order to engage. He 
does not provide, however, suggestions as to what motivations water managers should tap 
into.  
This research expands the literature on motivations for wastewater reuse by 
examining the role that cost, as well as three other motivators (ecological conservation, 
current water shortages, and future water shortages), play in peoples’ willingness to 
adopt treated wastewater as a viable alternative source.  Specifically, we analyze close-
ended interview data across four economically developed (2) and developing (2) sites to 
answer the following questions: (a) are there cross-cultural motivations for willingness to 
use wastewater, and (b) how do respondents’ willingness to use scores vary with 
differences in wastewater technology (low vs. high) given each motivator? 
 
2.0 Methods 
2.1 Site Selection and Description 
For this study, four sites were selected to represent varying levels of wastewater 
treatment (Table 1 and Table 2), which is, to some extent, a product of socio-economic 
status and political development: Acatenango, Guatemala; Viti Levu, Fiji; Wellington, 
New Zealand; Madrid, Spain. Data from Guatemala were collected in Acatenango, an 
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indigenous Mayan community in the Central Highlands of Guatemala. Piped water is not 
spotty and treatment of the water is often inadequate.  As a result, many residents buy 
treated, bottled water. The village on the headwaters of the river and thus the villagers 
experience little to no de facto wastewater reuse. Fijian data were collected in an 
indigenous village on the Coral Coast of the main island of Viti Levu. Between 2006 and 
2010, local villagers worked with outside experts to build a piped water system, including 
a wastewater treatment system. All houses in the village have been joined to sewerage 
lines; grey water is treated using three levels of filtration (coconut husk, soil, and sand) 
and black water is held in septic tanks before being pumped to a constructed wetland. The 
treated water is used for village gardens. Data from New Zealand were collected in the 
capital city of Wellington. In Wellington, water is managed by local city governments. 
The area is served by four wastewater treatment plants that practice secondary level 
treatment (i.e. biological treatment to remove remaining organic waste after initial 
separation); resulting sludge is transferred to landfills and treated water is discharged into 
the sea (Wellington Water 2015). Spanish data were collected in the capital city of 
Madrid where water is primarily managed by the public limited company, Canal de Isabel 
II Gestión. Canal Gestión operates 154 wastewater treatment plants, 23 of which provide 
tertiary treatment (i.e. a combination of biological and physical-chemical treatments to 
remove additional contaminants). Water from tertiary facilities is used in the irrigation of 
public green space (Canal de Isabel II Gestión 2012). 
2.2 Sampling 
Using a non-probabilistic, purposive sampling strategy (Bernard & Ryan 2009), 
we targeted permanent adult residents at each field site. This design was based on the 
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rationale that if there exists a shared cultural understanding of water issues, it should be 
detectable through sampling of local residents in public spaces (Handwerker & Wozniak 
1997). We set the minimum number of respondents needed at each field site at 60 based 
on the highest necessary sample size according to the most rigorous guidelines for 
ethnographic research (Bernard and Ryan 2009). In total, we conducted 283 interviews: 
63 in Guatemala, 77 in Fiji, 64 in New Zealand, and 79 in Spain. Data were collected 
through face-to-face, semi-structured interviews. 
2.3 Data Collection 
The survey protocol was written in English and pre-tested with native English-
speakers to ensure comprehensibility. The protocol was translated and back-translated by 
two bilingual English/Spanish speakers and approved under Arizona State University 
IRB #0804002902. Interviews were conducted in the respondents’ language: English in 
New Zealand and Fiji (with Fijian translators as need) and Spanish in Guatemala and 
Spain. The protocol was designed to include open- and close-ended questions about 
wastewater reuse and basic demographics. The data analyzed here were elicited through a 
close-ended question asking respondents to mark their willingness, on a 7-point Likert 
scale from “Totally Unwilling” (-3) to “Totally Willing” (3), to accept treated wastewater 
as an alternative water source if it was certified safe and (a) for cost: “The cost was half 
of what you currently pay for water,” (b) for current water shortages: “It would prevent 
water shortages in your community now,” (c) for ecological conservation: “It would help 
save rivers, lakes, and wildlife,” and (d) for future water shortages: “It would prevent 
water shortages for future generations.” These motivators were chosen to represent 
extrinsic incentives (cost) and intrinsic incentives (ecological conservation and 
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preventing current and future water shortages) (Hornik et al. 1995; Kashyap & Iyer 2015) 
based on three of the motivations Bruvold (1979) previously identified: conservation, 
environment, and cost. Additionally, the distinction between preventing water shortages 
now and in the future is important as both sustainable behavior broadly and water 
conservation specifically have been shown to by directly related to respondents’ future 
orientation (Corral-Verdugo et al. 2006).  
2.3 Data Analysis 
We analyze the Likert-type data for each motivator to assess (a) whether cross-
cultural motivations for willingness to use wastewater exist and (b) how respondents’ 
willingness to use scores vary with differences in wastewater technology (low vs. high) 
given each motivator. To assess the first question, we examine the percentage of 
respondents at each site who indicated that the motivator positively affected their stated 
willingness to accept treated wastewater. To assess the second question, we conducted 
cross-site analyses to determine the association between wastewater technology level, 
and the average stated willingness to use treated wastewater given a particular motivator. 
Specifically, given the non-normal distribution, we performed exact Mann-Whitney U 
tests as the non-parametric alternative to the t-test for independent samples to determine 
whether there is a difference in the distribution of willingness to use scores between 
respondents in developing and low technology sites (Guatemala and Fiji) and respondents 
in developed and high technology sites (New Zealand and Spain). This statistical test is 
conventionally applied to non-random samples with the caveat that no inferences can be 
made beyond the sample population (Edgington 1966). For this analysis, we included 
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only respondents who responded to all four motivators (Guatemala: 58; Fiji: 71; New 
Zealand: 62; Spain: 77). 
 
3.0  Results  
3.1 Cost 
Across three of the four research sites, reducing the cost of water was, on average, 
the least motivating factor for respondents. The majority of the respondents in three of 
the four sites were either unwilling or not affected by reducing the cost by half in order to 
accept treated wastewater: 54.9% in Fiji; 58.7% in New Zealand; 62.3% in Spain. In 
contrast, in Guatemala, 50% of the respondents indicated that they would be “totally 
willing” to accept treated wastewater if the cost was half of what they currently pay. The 
exact Mann-Whitney U test revealed a significant difference between low-technology 
(Md = 0.0, n = 129) and high-technology respondents (Md = 0.0, n = 140), U = 
7710.0, p = .035. This difference was driven by the Guatemala respondents.  
3.2 Current Water Shortages 
Most respondents at all of the four sites indicated that they would be willing to 
accept treated wastewater if it would prevent water shortages now (Guatemala: 60.3%, 
Fiji: 59.2%, New Zealand: 52.4%, Spain: 52.0%). However, this was, on average, the 
least motivating factor for respondents in Guatemala and the second least motivating 
factor for respondents at the other sites. There was no significant difference between the 
respondents in the low-technology (Md =1.0 , n = 129) and high-technology sites (Md = 
1.0, n = 140), U = 8002.5, p = .10. 
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3.3 Ecological conservation 
A majority of respondents at all four field sites indicated that they would be 
willing to accept treated wastewater if “it would help save rivers, lakes, and wildlife:” 
75.8% in Guatemala, 73.3% in Fiji, 63.4% in New Zealand, 62.4% in Spain. A Mann-
Whitney U test revealed a significant difference between low-technology (Md =3.0 , n = 
129) and high-technology sites (Md = 1.5, n = 140), U = 6996.0, p =0.001.  
3.4 Future Water Shortages  
 Across all four sites, a majority of respondents indicated that they would be 
willing to accept treated wastewater if it would prevent water shortages for future 
generations (Guatemala: 81.0%, Fiji: 60.6%, New Zealand 54.0%, Spain: 63.7%). A 
Mann-Whitney U test revealed a significant difference between low-technology (Md = 
3.0, n = 129) and high-technology sites (Md = 1.0, n = 140), U = 7268.0, p = 0.004. 
 
4.0 Conclusions 
While previous studies have focused solely on economic incentives as a way to 
motivate people to accept treated wastewater as a viable water source, we found that 
reducing the cost by half was not a strong motivator for respondents at most of the sites 
in our study. This finding is consistent with previous studies that have shown that people 
only expect monetary compensation when wastewater is used to augment the potable 
water supply (Blamey et al. 1999; Gibson and Burton 2011). The only context where the 
cost motivator was highly salient was Guatemala, where there is limited water 
infrastructure and a high cost of accessing clean drinking water.  As cost is generally not 
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a strong motivator across multiple contexts, the need for additional studies of motivations 
beyond economic incentives is needed. 
The role of intrinsic motives is an important area for further consideration. 
Overall, respondents indicated a willingness to adopt treated wastewater for ecological 
conservation and to prevent water shortages both now and for future generations. 
Ecological conservation and future water shortages were the two strongest motivators 
across all four sites. Studies looking at determinants for pro-environmental behavior have 
long recognized the importance of these motivators. For example, the environmental 
concern perspective argues that people engage in conservation behaviors because they 
care about the planet (Bamberg 2003). Thompson and Barton (1994) discuss the role that 
ecocentrism, or the recognition of the intrinsic value of nature, has in sustainable 
behavior. Additionally, sustainability as a science is focused on the future conditions of 
humans and the environment (Komiyama and Takeucki 2006) and research has shown 
that future orientation has a positive effect on environmental behaviors (Joreiman et al. 
2004; Pinheiro and Corral-Verdugo 2010), particularly with respect to water conservation 
(Corral-Verdugo et al. 2006).  
In addition to considering that both ecological conservation and future water 
shortages are salient motivators cross-culturally, it is important to consider the role that 
the level of wastewater technology, which is a function of development status, may have 
on respondents’ motivations. Comparative studies of wastewater reuse are lacking and 
the majority of place-based analysis has been conducted in developed contexts. For three 
of the motivators (cost, ecological conservation, and future water shortages), there was a 
statistically significant difference of the average willingness to use treated wastewater 
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between respondents in low-technology (developing) and high-technology (developed) 
sites. In each of these cases, and in the case of current water shortages, respondents in 
low-technology sites indicated a greater willingness to accept treated wastewater as a 
viable option. While these findings cannot be used to infer an association outside of the 
sampled population, they do suggest avenues for future research, especially as other 
studies have shown that residents of developing countries have a greater trust in 
technology (Leiserowitz et al. 2005). As such, technological solutions such as wastewater 
reclamation and reuse options may face less opposition in developing contexts, which are 
often in the most need for improved wastewater infrastructure. 
 In sum, this research has shown that there are a range of different motivations that 
can inspire people to adopt treated wastewater as a viable source and that additional 
research is needed to clarify the role that different motivations play in different contexts. 
The literature on water conservation suggests that the more motives a person has, the 
more likely that person will be to engage in conservation. Despite attempts in a variety of 
areas to identify single-determinations of behavior, we know that people usually want, 
and are motivated by, many things, not just one thing (Midgley 1978; Hartley 2006). We 
suggest that future marketing campaigns, which in the past have often failed to change 
public perceptions of wastewater reuse, need to be oriented around motives that are most 
relevant for the population of concern. Further, future research needs to identify and rank 
motives for wastewater reuse, focusing on both individual sites and cross-cultural studies. 
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Tables 
 
Table 5-1. Sites by Wastewater Treatment 
Acatenango, 
Guatemala 
Viti Levu, 
Fiji 
Wellington, 
New 
Zealand 
Madrid, 
Spain 
None 
Ecological 
treatment 
Secondary 
treatment 
Secondary 
and Tertiary 
treatment 
 
       Level of wastewater treatment 
 
Table 5-2. Study Site Characteristics 
  
Acatenango, 
Guatemala 
Viti Levu, 
Fiji 
Wellington, 
New 
Zealand 
Madrid, 
Spain 
NATIONAL 
DATA 
        
National GDP per 
capita (in US $)
18
 
$3,432  $4,766  $42,308  $29,371  
Nat'l poverty rate 
(%)
19
 
54% (2011 
est.) 
31% (2009 
est.) 
15% 
21.1% (2012 
est.) 
Nat'l life 
expectancy, total 
(in yrs)
20
 
71 70 81 82 
Water 
Availability Index 
(2006) m3/capita-
yr.
21
 
8,618 33,431 80,482 2,570 
Water Intensity 
Use Index (2000) 
%
22
 
1.8 0.2 0.6 32.0 
SITE-SPECIFIC 
DATA 
        
Population 
(approx. rounded) 
8,000 300 500,000 3,200,000 
Research site 
rurality 
Rural Semi-rural Urban Urban 
                                                 
18 World Bank 2016a 
19 Guatemala, Fiji, and Spain data are CIA 2016; New Zealand data are from New Zealand Parliament 
2011.  
20 World Bank 2016b  
21 Jimenez & Asano 2008 
22 Ibid. 
  142 
Type of 
wastewater 
treatment 
None 
Settling, 
filtration, 
wetlands 
Screening, 
extended 
aeration, 
clarification, 
disinfection 
Skimming, 
settling, 
biological 
treatment, 
clarification, 
filtration, 
disinfection 
Wastewater reuse 
purpose 
None 
Village 
gardens 
None 
Irrigation of 
public green 
spaces 
SAMPLED 
POPULATION 
        
N 58 71 63 77 
Male:Female 
29:27 
(missing 2) 
72:28 
(missing 1) 
31:32 28:49 
Age - Average 
(S.D.) 
34.5 (14.4) 34.7 (12.7) 39.2 (18.3) 41.7 (11.2) 
% over HS 
education 
70.8 64.7 29.5 48.1 
SES Ladder - 
Average (S.D.) 
4.9 (2.3) 5.9 (2.0) 6.5 (1.3) 5.1 (1.6) 
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Table 5-3.Results of the Mann-Whitney U Test to Compare Willingness to Use Treated 
Wastewater Given a Particular Motivator Across Respondents in Low-
Technology and High-Technology Sites. 
Motivators 
Wastewater 
Technology 
Level N Median 
Rank 
Average 
Sum of 
ranks U p 
The cost was 
half of what 
you currently 
pay for water 
High 
Technology 140 0.0 125.57 17580.0 
7710.0 0.04 
Low 
Technology 129 0.0 145.23 18735.0 
                
It would 
prevent water 
shortages in 
your 
community 
now 
High 
Technology 140 1.0 127.66 17872.5 
8002.5 0.10 
Low 
Technology 129 1.0 142.97 18442.5 
                
It would help 
save rivers, 
lakes, and 
wildlife 
High 
Technology 140 1.5 120.47 16866.0 
6996.0 0.00 
Low 
Technology 129 3.0 150.77 19449.0 
                
It would 
prevent water 
shortages for 
future 
generations 
High 
Technology 140 1.0 122.41 17138.0 
7268.0 0.00 
Low 
Technology 129 3.0 148.66 19177.0 
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CHAPTER 6 
SUMMARY, CONCLUSION, AND FUTURE RESEARCH DIRECTIONS 
The main goal of this research was to add to the literature on sustainable water 
management by exploring cross-cultural perceptions of water risks and solutions, 
focusing on wastewater reclamation and reuse. The objectives of this dissertation were to: 
(4) Analyze how regional water scarcity and development status of sites affect 
residents’ conceptions of water risks (quantity vs. quality) and solutions 
(technological vs. behavioral vs. policy-based).  
(5) Assess knowledge of wastewater treatment processes and how that is related to 
level of wastewater acceptance across four different sites.   
(6) Compare motivations for willingness to use treated wastewater across developing 
and developed contexts. 
Each of the main chapters in this dissertation (Chapter 3 to 5) was designed to fulfill each 
of these objectives. A summary of the findings of each chapter is provided below. 
 
Summary of Findings 
Chapter 3: Cross-cultural Perceptions of Water Risks and Solutions Across Select Sites. 
Published: Larson, K., Stotts, R., Wutich, A., Brewis, A, and White, D. 
Cross-cultural Perceptions of Water Risks and Solutions Across Select Sites. Society & 
Natural Resources DOI:10.1080/08941920.2012.723302. 
 Across all sites, respondents tended to name more concerns around water quality 
(pollution) than around water quantity (drought) 
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 Individual behavioral strategies were the most commonly named solutions for 
water quality concerns 
 Collective policy strategies were the most commonly named solutions for water 
quantity concerns. 
 Respondents in water abundant site were more likely to name individual 
behavioral strategies for risks. 
 Respondents in developing sites (i.e. Bolivia and Fiji) were more likely to suggest 
collective technological strategies than respondents in developed sites (i.e. New 
Zealand and the United States). 
 Respondents in developed sites were more likely to name collective policy 
strategies than respondents in developing sites. 
 
Chapter 4: Cross-Cultural Knowledge and Acceptance of Wastewater Reclamation and 
Reuse Across Select Sites. Prepared for peer-reviewed submission to Human 
Organization. 
 Across all sites, there was a low level of knowledge of wastewater treatment 
processes and filtration was the most commonly drawn treatment process. 
 Advanced treatment technologies were drawn infrequently in sites with higher 
levels of wastewater treatment technology (i.e. New Zealand and Spain) and were 
never drawn in sites with low or no wastewater treatment (i.e. Guatemala and 
Fiji). 
 Testing as a part of the treatment process was almost exclusively drawn in sites 
with higher levels of treatment technology. 
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 There was no correlation between knowledge of wastewater treatment and 
acceptability of potable reuse among the respondents.  
 
Chapter 5: Motivators for Treated Wastewater Acceptance Across Developed and 
Developing Contexts. Prepared for peer-reviewed submission to the Journal of Water, 
Sanitation and Hygiene for Development.  
 Across all four sites, reducing cost to incentivize adoption of wastewater reuse 
was the least strong motivator of the four motivators examined (cost, ecological 
conservation, and preventing water shortages now and in the future) 
 Ecological conservation and future water shortages were the two strongest 
motivators across all sites. 
 Respondents in developing sites were more likely to express willingness to use 
treated wastewater given any motivator. 
 
Synthesis 
 In Chapter 3, by looking at perceived risks around water (quality vs. quantity) and 
possible solutions to addressing these risks (individual behavioral, collective policy, and 
collective technological solutions), we found that residents in developing and developed 
and in water scarce and water rich sites were both more concerned about water quality 
than water quantity. Water quantity issues were still an issue though, especially amongst 
residents in water scarce sites. One possible solution that can address both quality and 
quantity concerns is the reclamation and reuse of treated wastewater. While a limited 
number of respondents in the four countries of interest named improving the sewage 
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system as a strategy for quality risks, no respondents named wastewater reuse as a 
strategy for quantity risks.  
 Recognizing that wastewater reclamation and reuse was not a prominent solution 
amongst our sample group, we decided to investigate barriers and incentives for adoption 
of this strategy in order to determine if we could better understand why it was not a 
salient solution. Chapters 4 and 5 present the results of this analysis. In Chapter 4, we 
determined that there was a low level of knowledge of wastewater treatment processes 
across both developing and developed sites. We were also unable to correlate knowledge 
of wastewater treatment with two measures of wastewater reuse acceptance. We 
suggested a number of hypotheses to explain the lack of a relationship, including that 
knowledge of the benefits of wastewater reuse might be more impactful than knowledge 
of the treatment process. We also suggested that trust in the source of the information and 
in the water provider is an intervening variable, hypothesizing that a lack of trust in the 
government might explain why respondents in developing sites were less likely to name 
collective policy strategies. While the differences in levels of trust between residents in 
developed and developing countries has been documented (e.g. Blind 2007; Espinal et al. 
2006), our analysis in Chapter 3 also supported other studies that have found that 
residents in developed countries are generally more wary of technological solutions 
(Leiserowitz et al. 2005) than residents in developing countries. As treated wastewater 
reuse is a technological solution that requires both trust in the technology and in the body 
overseeing the technology, it provides an interesting case study for comparison between 
developing and developed countries, knowledge/information provisioning, and trust. 
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 In addition to understanding how knowledge and trust can be barriers in the 
public perception of wastewater reuse practices, it is important to understand what may 
motivate people to adopt this alternative water source. Chapter 5 provides an analysis of 
four motivators for potable wastewater reuse: reducing cost, ecological conservation, and 
preventing water shortages now and in the future. While previous research has focused on 
financial incentives for adopting wastewater reuse, we found that this was the least strong 
motivator. We do not argue that cost should not be considered in studies of motivations, 
as we acknowledge that people are usually not motivated by only one factor and instead, 
require multiple motivators to engage in behavior change. We do argue that motivations 
beyond cost need to be considered and that there is a need for additional research into 
what incentivizes individuals to adopt wastewater reuse in a variety on contexts. 
 
 
Conclusions 
The last few decades have seen a number of calls for a paradigm shift in the 
management of water (Cortner and Moote 1994; Gleick 1998, 2000; Pahl-Wostl 2007; 
Ward 1995). While each of these calls has a different focus, they all include the need to 
make the management of water sources more collaborative and participatory, the 
integration of all aspects of water management and the integration of water with other 
sectors, the protection of the environment, and a move from finding news sources of 
water to augment supply to addressing demand management through conservation. 
Gleick has labeled these changes as a move from hard paths, i.e. centralized infrastructure 
and decision making, to soft paths which include hard paths but also focus on 
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decentralized infrastructure, increased efficiency, community-scale decision making, and 
environmental protection (Gleick 2003; Wolff and Gleick 2002). While wastewater 
reclamation and reuse might be seen as a traditional hard path solution to engineer our 
way to a greater supply of water, in fact, reusing our wastewater to whatever extent 
possible is a major component of soft path approaches (Brooks 2005). Just as with other 
components of soft path approaches, implementing wastewater reuse requires a greater 
understanding of the role of culture in successful implementation of new management 
strategies: “culture is…crucial to understand barriers to the adoption of technologies and 
new management strategies and a successful exchange of experience between developed 
and developing countries” (Pahl-Wostl et al. 2008 485). 
Through the analysis presented in this dissertation, we have shown that water 
quality is of greater concern than water quantity to residents in both developed and 
developing countries. Additionally, respondents in both developed and developing 
countries had a low level of knowledge of technologies that can address water quality 
concerns, such as wastewater treatment. While this might be expected in developing 
countries that lack advanced wastewater treatment, this low level of knowledge persisted 
in developed countries where information on local wastewater treatment practices is 
readily available. Additionally, we were unable to find a correlation between knowledge 
of wastewater treatment and acceptance of wastewater reuse practices. Most other 
research on knowledge and wastewater reuse has found that there is a positive 
relationship between these two factors (e.g. Carley 1973; Hanke and Athanasiou 1970; 
Hurlimann and McKay 2004; Jeffrey and Jefferson 2003; Johnson 1971; Tsagarkis and 
Georgantzis 2003), however, these studies have primarily relied upon self-reported 
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knowledge. We suggest that those who report high levels of knowledge may feel that 
they have knowledge of the benefits of wastewater reuse rather than knowledge of the 
process. We also explored what benefits, or motivators, were most influential in 
respondents’ decisions to adopt wastewater reuse and found that ecological conservation 
and preventing future water shortages were the strongest motivators. 
 
Recommendations for Future Work 
The role of culture and the need for public participation in environmental 
management is now widely recognized (Connor 1999; Gleick 2003; Glicken 2000; Renn 
et al. 1995).  With this recognition comes the need for additional scholarship, especially 
comparative studies, that will help us to better understand public attitudes and decision-
making around water issues. Future research should expand upon the comparative 
research presented here and look more closely at several areas.  The first is the role that 
trust in government plays in people’s responses to water supply and quality issues and 
solutions. The role of trust in government systems is already an area of research, even as 
it relates to wastewater reuse (e.g. Hartley 2006; Marks et al. 2008; Nancarrow et al. 
2003; Ormerod and Scott 2012; Po et al. 2003). Trust, however, is a multi-faceted 
concept and the relationship between knowledge provisioning, trust, and acceptance is 
still not well understood (Healy 2001). Additionally, we need a more nuanced 
understanding of what information people want, whether that be about technical 
processes or benefits of reuse, in order to increase acceptance and whether providing that 
type of information does have a positive impact on public perceptions.  
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